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Thank you for your continued interest in soldering technology,

and your attendance at this seminar.

It is vital that we continue to maintain a concerted effort to

resolve production line problems first, by understanding them, then

by developing methods and process controls to resolve them. It is

critical that our designers learn from past problems and that they

design for ease of manufacturing.

We should not try new materials and equipment on production lines

until a thorough evaluation has been conducted and test data
proves that they can not only be cost effective, but that they also

improve product quality.

These proceedings are published for your information 3nd do not*7. necessarily reflect the views of the Navy.

Thanks for your attendance. 
, - .

copy%
fterffJim D. Raby 

I

Head, Electronics

Manufacturing Support Office
Code 36803

February 22, 1984
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ARE WAVE SOLDERING AND TOUCHUP PROBLEMS

AFFECTING YOU?

Flo G. Benson and Gayne J. Maloney

Military Avionics Division

St. Louis Park, Minnesota
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Are Wave Soldering and %P

Touch-up Problems Affecting You?
Flo G. Benson and Gayne J. Maloney

Military Avionics Division. Honeywell Inc.

INTRODUCTION With this kind of environment. it is rmportint to
understand wli t was happening in our day to day

In the Printed Wiring Assembly (PWA) area of operation before discussing how the much in
Honeywell's Military Avionics Division (MAvD), we proved system works today
touchup PWAs after wave soldering with 70%
fewer operators than we needed 19 months ago. THE OLD PROCESS
We accomplished this through a new program 0
called Solder Surveillance, which has also aided us The old wave solder process consisted of stan(ard
to make substantial improvements in other areas of carrier speeds set virtually the same for all as-
the wave soldering process. Although we en- semblies of the same board thickness. Only lower
countered some problems while developing this board heaters were used. The solder wave was ad-
new program, we were able to solve or minimize justed as necessary, and the oil flow into the wave
them by- was checked at the start of the shift and after

lunch.
" Enhancing the wave soldering process
* Controlling the touch-up process After the PWAs were wave soldered and cleaned.
" Improving vendor communication and control they were returned to the various build groups for
" Developing producibility standards for design of workmanship and solder evaluation. These eva'.

PWAs uations were performed by any operator of the ""
* Pretinning component leads. proper labor grade assigned to the job. This former

process is illustrated in Figure 1. In some instances.
The benefits realized are improved productivity, in- as many as 15 to 20 operators were making de-
creased yield and product reliability, reduced pro- cisions regarding soldering discrepancies that re-
cess time. reduced touch-up confusion, and a quired touch-up to meet specifications. With this V
greater sense of pride and accomplishment among many operators making independent touch-up de
the engineers and operators. This is enough incen- cisions. uniformity was nearly impossible. A great
tive to share our success with you. deal of confusion was caused by some operators

who touched up cosmetic defects but missed maior
BACKGROUND defects. Correlation between touch-up operators

and inspectors was difficult if not impossible This
The PWA area is consistently faced with monthly was further complicated by people movements be-
schedules of 5,000 to 7.000 assemblies. These cause of union agreements. Training was also i

schedules consist of over 320 different types of tremendous problem. As a result. screening and
PWAs in any given month, from over 1000 active touch-up became a lengthy. overdone operation .0

part numbers. The average lot size processed that increased processing time. decreased reliabili- _
through wave solder is fifteen. The PWA sizes and ty, and caused bottlenecks on the assembly lines
densities are as varied as our schedules. The size
ran.gcs from i,/ inches square to 18 by 22 inches, [here was aoticr piobiem with tK old system.
and density per assembly ranges from 10 to 650 Very little or no data was recorded to evaluate the
components. In the past our normal process time effectiveness of the soldering process, and the ef-
was an expected six to eight weeks. fect of any process change was difficult to evaluate.4-

2
Wr Vr'

NNe ,N,',P.
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Figure 1. Previous Visual Inspection and Touch-up Process

In otherwords. we had a poorly controlled touch- Our process utilizes a sample (4 pieces) from every
up process with no feedback to monitor the many lot wave soldered. Bdsed on the quality level ob-
elements affecting wave soldering. It was time for a served in a sample. the production operator dis- w

dramatic change in our overall wave solder and positions the lot into one of the following four cate-
touch-up process! gories and records the action on the Solder

Surveillance form, shown as Figure 3:
THE NEW PROCESS

T 100% Solder Screen - A total of five solder
To minimize or eliminate many of the problems in- defects or more on the 4-board sample requires
herent in our old system. the new Solder the production operator to identify and mark all
Surveillance process incorporates special proce- defects on each board in the lot. The touch-up
dures to control and evaluate the many elements operator then reworks only the marked defects
affecting wave soldering. This process, illustrated in on each board.
Figure 2. provides engineering with the data 9 Defined Solder Screen - The same defect on
needed and reduces the number of people making each board of the 4-board sample indicates a
decisions on discrepancies to the two production specific problem. For example, a component
operators who evaluate and disposition the hard- with poor lead solderability would be a defined
ware. Furthermore, Solder Surveillance control is solder screen. The production operator places
flexible enough to accommodate the large variety the 4-board sample on the top layer of the lot so
of PWA types being processed monthly. that the touch-up operator can use them as a

3

~ *~*4* ~ %V% 4N.... 4 4.f ~K ~v'%' - .k7



*~~~~d ..-,...-

NO. SOLDER SCREEN

BUY MIS DEIINE

EVALUATES ANDN~

ORRC FfF CTI S

55.0CC~~ ~N SOLDER50SC,0 SCREEN~~.

RECORD DA APRA

*R CTOO TOC- P RODLL TIO EGINERN

.s,,cyo. SISYPLE CA IJ TED' I ACIONI C NO 0

ONC'0C TOU IE .. DE I E CSEM LO S......... .......

RECORD DATATO

REUIES10% OLERV OULDR S C EER N 129

..... Poo....

P01

- 0 -5 -- - - - - -

PISE0% SAMPLE___ PLA LISTED IN SIP WORK CENTER 1201_

Figure~10,C 3. oler ureilane or
'ROOU 10', TOUC .,,P EFIN D (O S16M

- -- -- -- ---- -- --- - -- --
REQURES100,SOLER ISU L (W RK NTE

"Sri *sT'af0 REU RES3 100% SODE VISUALIS JW R CNER



guide to touch up the rest of the boards in the ENGINEERING CHANGES AND
lot. ENHANCEMENTS l

" No Solder Screen - A total of four solder de-
fects or less on the four-board sample places the Although the Solder Surveillance Program was pri
lot in the "no solder screen" category. The marily designed to disposition lots and control our

touch-up operator reworks the defects found on touch-up process. the data and information oh-
the four boards, and the lot moves to the next tained has lead to many key engineering changes

operation with no further touch-up. that have enhanced the process. Four of these
" No Solder Screen, but Miscellaneous Defined changes are described in the following paragraphs.

Defects - A total of four defects or less in the 1o"
four-board sample plus other miscellaneous 1. Improved Solderability of Piece Parts
nonsolder defects (e.g.. component height over As Solder Surveillance data was gathered and
maximum, stamping incorrect, contamination. analyzed. it became increasingly apparent that
etc.) comprise this category. The touch-up oper- piece part solderability needed to be improved
ator reworks the solder defects on the 4-board The data indicated that piece part solderability
sample and the miscellaneous nonsolder defects problems were the largest contributor to solder de-
on the entire lot. fects. Both component piece parts and PWBs were

affected. It was at this time that several actionsDuring the production operator's Solder Sur- were taken to minimize these problems:

veillance evaluation, if a major pioblem or un- wit r

favorable trend is notcd. the operator will stop
further work on the lot and contact Production En- * Improved Solderability Testing and Vendor

gineering before final disposition is made. Communication - All piece parts were re-eval-
uated relative to receiving-inspection solderabili-

Upon completion of the evaluation, the Solder ty requirements. Changes were made with par-Surveillance 3-part form is completed. with the top ticular emphasis on solderability life testing and

copy going to Engineering and the two remaining improved vendor communications as required.
copies traveling with the lot as it is processed.

W Pretinning of Component Leads - Although
When the lot is completed and submitted to final improved solderability testing was implemented '.

inspection, the remaining two sheets are cor- at receiving inspection, it did not solve all
pleted. One sheet goes to Production Engineering solderability problems. A further cause was the
where it is used to compare the production opera- unpredictable degree of oxidation of the leads
tor's findings with the inspector's conclusions. As during storage. Many leads are currently being
required. on-the-spot retraining is conducted to pretinned manually to minimize the problem. but

align more closely the Production and Inspection this operation is time consuming and costly.
standards.

The last sheet of the Solder Surveillance form goes To solve this problem. Honeywell is currently
into our data system to provide inputs for our Daily designing and fabricating an automatic machine
Acceptance and Yield (DAY) reports. These re- that will pretin taped, reeled axial and radial
ports provide daily, weekly, and monthly informa- components. The prototype has been completed
tion to all levels of MAvD. At the production levels and tested, and Honeywell expects to have the
these reports are used by all disciplines to for- first production unit operational early this spring.
mulate immediate remedial actions and, further. to This new machine is capable of pretinning ap-
generate refinements and/or enhancements to the proximately 120 components-both leads-per

-, overall production process. minute.

% N.%
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2. Development of a Producibility * Direction of board assembly through solder wa.e
Manual * Tooling required

Another major cause of solder defects was a result * General comments and requirements.
of design related practices. A team of represent- 4. Improved Workmanship
atives from Procurement, Quality, Design, Draft- Sa rs
ing, Advanced Manufacturing Technology and
Production Engineering were formed to resolve A workmanship standard manual was developed

these design related problems affecting production. as a training tool to communicate acceptable and

The team established a usable compulsary standard nonacceptable criteria to production and inspection

ior the design of printed wiring assemblies that min- personnel. This manual is also used as a ready ref-

imizes producibility problems. Some benefits of the erence on the production floor.

new Printed Wiring Board Producibility Standards
are: SUMMARY

* Control of new design and E.O. changes affect- The Solder Surveillance Program has been ex-
ing PWAs. tremely successful in our division, surpassing our

* Improved CAD/CAM interface, initial expectations and producing many benefits.

* Provision of data for more effeLtive cost trade-off In addition to the tangible improvements, the fol- 0
evaluations, lowing intangible benefits have been realized:

* Improved documentation for vendor of PWBs.
* Improved interdepartmental communication. 0 Increased pride in the job and ownership

* Increased flow of communication between dis-

3. Minicomputer Control of Wave Solder ciplines
Machine Parameters 0 Faster response time to solution of problems

* More effective training
Solder Surveillance data also indicated problems e Creation of a common base of information for all
with the wave solder process. For example, disciplines.
preheat settings and conveyor speed could not be The tangible benefits can best be measured by the
determined by board thickness alone. Variables effect the Solder Surveillance Program has had on
such as density. component size and placement,
design. solder mask. physical size and board thick-
ness all needed to be reviewed before a set-up * Final Inspection Soldering
could be determined. With many active part Defects per Unit: Reduced 52% ;'
numbers and variables, it became necessary to 0 Rework: Reduced 77%
computerize each individual board assembly
number to provide the information necessary for First Pass Yield: Increased 42%
fast. accurate setup. The following information is • Final Board Test Yield: Increased 7%
now available in the minicomputer: 0 Productivity: Increased 22%

* Preheat temperature We hope. through sharing our experience, that the
* Conveyor speed Solder Surveillance Program will also be beneficial
* Top board temperature to you.
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TROUBLESHOOTING WAVE SOLDERING PROBLEMS [
WITH STATISTICAL QUALITY CONTROL (SQC) '?
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TROUBLESHOOTING WAVE SOLDERING PROBLEMS

WITH STATISTICAL QUALITY CONTROL (SQC)

P. Prasad*, P.E.

D. Fitzsimmons**, C.Q.E.

Boeing Aerospace Company

Seattle, WA

Wave or flow soldering is the most prevalent method of soldering PWA's en masse but

does produce some solder defects. These defects occur in the range of 1% to 3% in

the aerospace industry. 3% is considerel an industry average (Automatic Soldering

Technology - The Inspection Prior to Touch-up System, J. W. Williams, General

Dynamics, Naval Weapon Center Soldering Technology Seminar, 1981). This is higher

than solder defects in commercial industries, but the difference can be accounted for

by looser specs for commercial applications and higher volumes which allow

standardization.

While 1% to 3% defect rate is consistent with the rates of other kinds of defects and

typical Acceptable Quality Levels (AQL's) in aerospace industries, its effect on PWA's

having hundreds of solder joints is that comparatively few issemblies come through

defect-free. This results in delays to manufacturing, possible deterioration in quality

due to the touch-up process, and extra expenses in all affected organizations. Boeing's

Electronic Systems Division tackled this problem with the tools of Statistical Quality

Control (SQC).

HISTORY

SQC began as a conscious discipline in the 1920's with in-house applications at Bell

Labs. During World War 1H our government adopted it wholeheartedly and private

applications proliferated. Thereafter, general disillusionment with government

regulations led many companies here to discard the SQC systems as unnecessary

paperwork. In Japan however, strict regulations and the associated paperwork were

Mr. Prasad is a lead engineer in Manufacturing Research and Development at Boeing

Electronic Systems Division (BESD), responsible for SMD and soldering technology.

**Mr. Fitzsimmons is a statistical engineer in the Boeing Aerospace Company-

Quality Control Assurance organization and an American Society For Quality Control-

Certified Quality Engineer.
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seen as the solution for a long-standing reputation for poor quality; SQC was not only

adopted, but became a source of national pride. The remarkable post war recovery of

Japanese industry and its subsequent dominance over world wide markets are largely 6

attributed to SQC. .0

J.

Among other things, the Japanese followed the advice of an American statistician

named W. Edwards Deming. Dr. Deming taught them how to use SQC as a powerful

tool that allows the user to measure and then to correct a given process. The major

benefit derived from SQC comes from identifying, measuring, and reducing process %

complexity.

What is SQC?

According to Gluckman, a student of Dr. Deming, (Introduction to Statistical Quality

Control, Dr. Perry Gluckman, PC FAB, March 1983.) SQC consists of three majcr

elements:

o Process analysis to understand the system

o Inductive reasoning to measure the system

o Leadership to change the system.

To practice all three elements, Gluckman advises to think of manufacturing operations

as a series of processes rather than collection of unique events. He believes that

reducing process complexity is faster and less costly than increasing process effi-

c. ncy. One way this is done is by use of a control chart.

The control chart, a graphic record of data, is a tool used to monitor the natural

precision of any process by measuring its process average and the amount of p

fluctuations from that average. The natural precision of a process tells us what to

expect as the usual behavior of the fluctuations of a process. The details on how to

construct a control chart can be found in the following pamphlets: ANSI Z1.1-1958 (R
1975), Z1.2-1958 (R 1975), and Z1.3-1958 (R 1975) published by the American National

Standards Institute, Inc., 1430 Broadway, New York, New York 10018. Examples of

common SQC analysis tools, including control charts are shown in Figure 1.

In the following pages we will discuss how we at Boeing Electronics Systems Division

(BESD) are using SQC to troubleshoot wave soldering defects. .%.
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P-charts: Faction defective plots (n-sample size)

\. n Total defective unitsI VLCLp((vI ) Total units

Sample

C-charts: Defects per unit type plots
UCL-C!+3 VP

-Total defects
C Total units

Vr V ' . LCL=--3V T

T(X2-Rl )-o
S1 2/nl S2 2/n 2

Figure 1. Examples of Common SOC Analysis Tools

.'

0

3%- 2.94%

2%- ,,

Total '"M
Percent 1.5%- UCL "
Defective -P=1.29%

0.5%-

6 22 28 5 13 25 3 8 10 15 21 23 28 1 6 12 14 29 3 4
April May June July August

-~ Wave Solder Dates

Figure 2. Control Charts for Program A, From April - August, 84 C,
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BESD Program Set-Up

We started our wave solder SQC project by attempting to determine statistically what

defect rate would indicate a significant change - as opposed to just random variation -

from the established average for each of several defect codes. First we regrouped

major solder defects into four major categories (Table 1). We also identified the

possible machine and non-machine controllable variables (Table 2) that can cause

solder defects. Then we determined the relationships, to the extent possible, between

the wave solder defects and the wave solder variables. As we can see, there are

numerous machine and non-machine controllable variables. It is not an easy task to

pin-point the actual cause r- a specific defect. This problem is compounded by the

fact that more than one variable is generally the cause of a specific defect. We

expected the statistical analysis at least to help in narrowing the list of suspect

variables.

We collected the data most likely to be related to wave solder defects and sifted it to

see which factors were correlated with fluctuations in quality. Most importantly, a

statistical software package was developed to facilitate the ongoing use of these

techniques as a new standard of business. This software package was made capable of

generating graphical reports from many different perspectives to highlight planned

process changes and to verify the effectiveness of corrective actions. It also pointed

out unplanned changes in quality, both positive and negative.

Large, statistically significant differences between lots existed which would hide any

nominal changes we might make in the process average. The quality was not

predictable from lot to lot within the bounds of random chance; until we could predict

it at least that closely, we would not understand the process well enough to make

"conscious and consistent" improvements.

We looked for characteristics which differed between lots that might explain the large

variation and found that the list of possible causes was enormous - far more possible

causes existed than we could evaluate in the small-lot, short-run environment of

aerospace industry. We had to sort these possible causes out some way to identify the

few possible causes that had the best chance of explaining the unusual variation.

I %
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Table 1. Major Categories of Solder Defects

Too much solder
A. Bridging
B. Excess - component side
C. Excess - solder side

D. Icicles
II Too little solder

A. Dewet lead
B. Dewet pad
C. Insufficient flow through
D. Insufficient - solder side
E. Holes unsoldered
F. Pinholes/blow holes/solder voidi

III Heat damage
A. Lifted circuits
B. Lifted pads

IV Other
A. Solder wicking
B. Contamination
C. Flux residue
D. Inadequate lead tinning

Table 2. Controlling Variables for Solder Defects

Machine Controllable Variables: Non-Machine Controllable Variables:
I Flux control I Printed wiring board (PWB)

A. Specific gravity A. Cracked PTH barrel
B. Inadequate/improper flux application B. Organic contamination
C. Contaminated flux C. Age/oxidation/poor solderability

1I Preheat temperature 0. Insufficient/improper Sn plating
A. Desired temperature E. Exposed glass fiber
B. Uniformity in board temperature F. Exposed intermetallic or a crack at

Ill Conveyor knee of PTH
A. Speed/angle G. Moisture in board
B. Uniformity in two posts H. Inadequate cure
C. Pallet warpage/improper fixturing I. Large heat sink

IV Solder wave II Component Lead
A. Temperature A. Improper component mounting
B. Roughness B. Improper lead/hole ratio
C. Shape C. Poor lead/hole solderability
D. Depth D. Excessive drainage on long leads
E. Contamination III Improper orientation of multileaded devices
F. Composition to direction of soldering
G. Oil intermix IV Human variables

V Mechanical shock before solder A. Inspectors
solidification B. Operators -

12



Narrowing of Solder Variables:

A critical event occurred almost immediately after our list of important process

factors began to geL We plotted results from a manufacturing lot of PWA's that were

totally homogeneous in their production methods, i.e., same part number, operator,

machine settings, wave soldered at the same time, boards with largely the same

supplier, date codes, and orientation to the wave. The defect rates, both gross defect

rate and defect rates by individual defect codes, were substantially less erratic, but -

still outside of statistical limits.

Within these lots several factors varied that we could respond to:

o Board manufacturer

o Date code of board manufacture

o Lead length

o Pallet warpage

o Rail straightness

o Oil flow rate

o Solder schedule

Any study of these factors necessarily had to be done in an environment where the

between-lot factors were held constant, i.e., where the subject boards were all wave

soldered on the same day, by the same operator, were inspected by the same inspector,

and were of the same part number, etc. This limited the information available to

evaluate the above factors, so for some we simply initiated corrective actions without

proof of those factors actually being a cause of poor quality. For example, a positive

pressure oil pump replaced the older, less reliable gravity feed system. We

straightened the pallets and replaced the stainless steel rails with straighter, more

stable aluminum-titanium rails. We then obtained solderability information on the

boards. We also implemented a revised procedure where a production verifier Printed

Wiring Assemblies (PWA), a sample PWA from each lot, is soldered and inspected by

the operator. If the PWA is satisfactory, the remaining PWA's in that lot are soldered.

If not, the corrective action is taken before soldering the remaining PWA's. With

these actions we had enough data to give some confidence in the ensueing results

discussed below.

13



Program Unique Differences

One program, designated Program "A" here, was having more solder defects than

others. Solder defects for this program were outside of statistical limits (Figure 2)

and the defect levels for other programs were within limits (Figure 3). Hence,

program A received the spotlight first and three substantial differences appeared: 1)

the boards were designed with a metal core not present with other programs, 2) the

component leads were not pretrimmed before soldering as was the case on other

programs, and 3) the boards were purchased from outside suppliers, whereas on other

programs the boards were made in-house.

The impact of these three program unique variables on solder defects were

investigated. The findings are reported in the next section.

SIGNIFICANT RESULTS

Solder Schedule

Program A defects were analyzed in detail Control charts on major defects - voids,

dewet pad, and dewet leads were prepared. Following the Pareto principle, we decided

to tackle the most prevalent solder defects - voids - first.

Voids are generally caused by insufficient drying of flux or poor quality of plated

through holes (PTH's). We have found baking to be helpful in reducing voids and

measling. So these boards are baked at 200OF for 16 hours before soldering. We

checked by float test for the presence of voids caused by poor quality of PTH plating.

In this test, a test coupon is dipped in flux and floated on a solder pot to check for

voids. PTH quality was found not be the cause of voids. The results were negative.

The next item we decided to check was to see if insufficient drying of flux during

preheat was the cause for voids. We changed the solder schedule by lengthening the

time of preheat. Now board went over four preheaters as opposed to two preheaters

before. The preheaters were also adjusted to increase the top side board preheat

temperature from 200OF to 230 0 F. Due to this new preheat schedule, both total

defects and voids dropped by 50% (Table 3). This appeared to be significant, but as the

control charts show in Figures 4a, b, c, and d, the new schedule improved the process

only slightly. Using this SQC tool (control charts, Figure 4), we knew that we made

progress, but our job was not done. More variables were studied as discussed below.

14
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Figure 3. Control Charts for Programs with Process under Control r_
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Table 3. Improvement in Solder Defects Table 4. Improvement in Solder Defects
Through Solder Schedule for Through Shorter Lead Length -

Program A Part Number 1

Old New Long Short
Defects Schedule Schedule Defects Leads Leads

(0.5") (0.1 ")

Total defects 1.24% .84% Total defects 3.19% 1.22%

Dewet Leads 1.52% U.88%

Voids .79% .53%Voids 0.76% 0-

Table 5. Improvement in Solder Defect Table 6. Wetting Balance Solderability Test
Through Shorter Lead Length - Results (Seconds)
Part Number 2

Program A Boards

Defects Medium Short Vendor 1 Vendor 2
Leads Leads
(0.3") (0.1 "1

As received 2.69 3.39

Total 1.14% 0.53% After Hot Air 3.11 3.89
defects Leveling

Dewet 0.60% 0.34%
Leads

Insufficient 0.29% -0-
Solder

cc~
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Long leads:

The most promising possibilities came out of the study of lead length. . ',

The component leads on Program "A" were not trimmed before soldering because the

flush lead requirement was met more easily if the leads were trimmed after soldering.

It was suspected that longer leads might be draining solder causing top side voids or

top side dewet leads. Also, there is the everpresent danger of leads hitting the edges

of the wave solder pot.

Twenty-one boards were soldered with usual long leads (0.5" lead extension beyond the

bottom side of the board to be trimmed flush after soldering) and nine boards with

short lead extension of 0.1". The PWA's with shorter leads had less than half as many

total defects (Table 4). There was also a dramatic difference in voids - none with

short leads and 0.762% with long leads. Performing statistical T test analysis

confirmed the differences between short and long leads to be significant.

We were so encouraged by the improvement in solder defects through shorter lead

length and its statistical significance that we decided to follow-up on the above lead

length study with larger sample size. We selected 60 PWA's: 30 PWA's with medium

length leads (0.3 inch) and 30 PWA's with short leads (0.1 inch). The longer leads in

this study are only 0.3 inch as opposed to 0.5 inch in the previous study. This was due

to practical manufacturing considerations in the shop. Given the evidence of

improvement from the first study, the shop could no longer go back to 0.5 inch leads,

The results of this study are shown in Table 5. The defect rate for 0.1 inch leads is

half of defect rate for 0.3 inch leads. This turned out to be more due to poor board

solderability than lead length although shorter lead length helped some. The

difference is not as dramatic as in the first study when lead lengths were 0.5 and .1".

This became clear when we plotted defect rate for individual boards for 0.3 inch

(Figure 5a) and 0.1 inch (Figure 5b) leads. The defect rate for first half of Figure 6a is

about the same as that for Figure 6b. All the short lead board samples and half of long

lead board samples were of the same date code. The other half of the long lead boards

were of different date code. This sort of thing happens inevitably because these
"experiments" are conducted in the shop floor on actual production hardware. In such

a situation, selection of sample in a totally scientific manner is not always feasible.

But as it turned out, this date code difference led us to another interesting

investigation on the effects of board date code, vendors and board solderability on '.v

solder defects in more detail This is the subject of our discussion in the next section. "zw

18



30- UCL 8245

25-

20- Average

Defets .8245* = 16.6
Per PWA X 8245 .8248 6.4

15- UCL 8248

10 *Board date code

5- rlk V8248LCL 8245

0 5 10 15 ib 25 30
PWA Serial Number

Figure 5A. Defect Versus Board Serial Number for PWA 's With O.3 Lead Extension

20-

Board date code 8248

X5.1 S
15

Defects
Per PWA ________________________ _UC

10-

5-

01 10 15 20 25i 30
PWA Serial Number

Figure 58. Defect Versus B3oard Serial Number for PWA 's With 0. i U'.ead Extension C
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Armr s 0
Program = A
Part Number I
Vendor: 2

Board Solderability: Good

.000150 -

.000125 -
Fraction
Defective UCL
(Voids) .000100

.000075

A)

.000050 P1

.000025 1
LCL

Serial Number (1 to 30)

Figure 6A. Control Chart for Defect Versus Serial Number - Date Code 8246

Program = A
Part Number 2

.0001 75 Vendor: 2
Board Solderability: Poor

.000150

.000125
Fraction
Defective UCL
(Voids) .000100

.000075

.0000 0

.000025

LCL

Serial Number (1 to 30)

CL

Figure 6B. Control Chart for Defect Versus Serial Number - Date Code 8242 .
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Board Solderability & Vendors:

Two different lots, 30 PWA's in each lot, were soldered same day by the same

operator. Control charts on these two lots indicated one lot to be within control limits

(Figure 6a) and the second lot to be out of statistical limits (Figure 6b). When we

investigated further, we found that the boards for both lots were supplied by the same

vendor, but had different date codes. Using a wetting balance solderability-tester, we

determined the plated-through hole (PTH) solderability of the test coupons from each

lot. The lot that was out of statistical limits had poor solderability and the lot within

control had good solderability.

This led us to further analyze date code versus PTH solderability. Strikingly, older

boards were found to be more solderable than the new ones. At first, it appeared to be

an anomaly. But this may also have indicated that the supplier was on guard in the

beginning and supplied better boards. Later on, however, more schedule than quality

pressure may have resulted in poorer quality boards.

We also investigated the difference between the solderability of test coupons between 96

two suppliers. One supplier was consistently better than other (Table 5), even though k

the difference is not dramatic. This table also shows that hot air leveling was not

effective in improving solderability of boards.

Human Variables:

The same operator performed all soldering operations but at least ten inspectors

inspected the P WA's. Evidence became available which strongly suggested that these

inspectors would re ort different quality levels even if looking at the same PWA's. We

analyzed the defect data for three months (Figure 7). Inspector D reported three

times more defects than the average of all inspectors. When this analysis was

expanded to defect data for nine months, wide variation in reported defects still

existed (Figure 8). This is consistent with the results of many inspector accuracy

studies. (The effects of variable inspector errors on rectified single and double

sampling plan, J. W. Tucker, et al, Army Materiel Command, Texarkana, Texas, July

* 1971.)

Further analysis of defect data was conducted by charting defects by each inspector

for different part numbers of the same program. The results of only four inspectors

21
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Figure 7. Defect Rate Versus Inspectors for June - August, 1983, Program A
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Figure 8. Defect Rate Versus Inspectors for April - October, 1983, Program A
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Figure 9. Defect Rate Versus Part Number for Different Inspectors for 0-

April - October, 1983, Program A
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~ .'nrare plotted in Figure 9 for clarity. Again, inspector D reported consistently higher

defect than others. Inspector E consistently reported lower defect than others and

inspectors C and G reported wide fluctuations in defects.

Conclusion

We in BESD have just begun to implement SQC to reduce wave solder defects. The

program began in August 1983. The tangible benefits demonstrated by SQC have

brought about some changes and more changes are planned for the future. We have

also developed SQC software for statistical analysis. We have implemented a few

items such as positive pressure oil intermix, improved pallets, new solder schedules,

and shorter lead lengths (0.1-0.3 inch). These items have reduced process complexity

to some extent and have helped in reducing the defect rate. We have also

implemented a revised procedure where a production verifier PWA, a sample PWA

from each lot, is soldered and inspected by the operator. If the PWA is satisfactory,

the remaining PWA's in that lot are soldered. If not, the corrective action is taken

before soldering the remaining PWA's.
I"t

The other two important variables that we identified are inspectors and vendors. The

most effective way to reduce the human aspects of inspection is to switch to

automated inspection of solder joints. Considerable developmental work in this area is

being done in the industry. Clarification of vague military requirements and

elimination of cosmetic requirements are necessary for auto-inspection to be
effective.

At this time, it appears that very little can be done about the vendor related problems

especially when the size of the order is fairly small as is the case in small lot

production of aerospace industry. However, we are collecting data to be turned over

to our Materiel department for necessary action.

The road to total SQC implementation in American companies, ours included, is not an

easy one. The cost of data collection and reporting are considered unnecessary. This I.

misconception can be clarified with the tangible benefits of SQC like reducing defect

rates and the intangible benefits such as improved quality and better customer

relations. We have to realize that it is better to change the process so there is less

spilled milk than to spill the milk and then to save it.
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THIE MEF.SL'REM.ENT OF F-XTIGL'E SL'PPRF'SSION IN ELECTRONIC SOLDER ].DI\TS .,

C.A.Neugebauer, H.F.Webster, H.D.Solomon, and R.O.Carlson
General Electric Corporate Research & Development

Schenectady, NY 12345

ABSTRACT

The large cyclic plastic deforma'ion experienced by the solder joints in
electronic equipment while in service generally limits its useful service life due
to fatigue failure. In this paper the solder joint fatigue phenomenon is observed
with an acoustic microscope, and also by following the increasing thermal
resistance of the joint.

4. The acoustic microscope allo%'s the direct observation of the .'alig.,e craz:k
in the solder joint. Under optimum conditions, considerable defect structure is
also visible in the solder joints, such as trapped solder slag, solder voids, and
even the grain structure.

*' The increased thermal resistance of the solder joint is another ensitive
measure of the extent to which the fatigue crack has propagated. Using this
technique, it was possible to demonstrate the strong detrimental effect of '

cycling in a non-hermetic package on the one hand, and the strong positive .-

effect on fatigue life by mechanically reinforcing the solder joint. In this latter
approach it was shown that even a modest pressure on the solder joint in the
direction per.>endicular to the shear plane resulted in a manifold reduction in the
rate of the thermal resistance increase in thermal cycling. Attempts to compare
different solder compositions will be shown and how te fatigue life may be .
estimated.

,
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The Measurement of Fatigue Suppression in Electronic Solder Joints

C.A. Neugebauer, H.F. Webster, H.S. Solomon and R.O. Carlson

General Electric Corporate Research & Development

Schenectady, NY 12345

introduction

The large cyclic plastic deformation experinced by solder joints in 'p

electronic equipment while in service generally limits its useful life due

to fatigue failure. Approaches are being developed to suppress this fatigue,

such as the use of Kevlar-epoxy wiring boards, instead of glass-epoxy boards,

to better match the thermal expansion coefficients. In this paper we describe

our experience in measuring solder fatigue in electronic joints to measure our %

success in devising methods to suppress it. These include direct observation

of the fatigue crack in the acoustic microscope, the increasing thermal re-

sistance of the solder joint, and decreasing load required to traverse a ,p

given plastic excursion in stress-strain cycling in shear, in an Instron

machine.

Direct Observation of the Fatigue Crack in the Acoustic Microscope

The fatigue crack in the joint propagates as the structure is stressed '

cyclically. Such cracks can be seen sometimes in solder fillet between the

parts, but the motion of such cracks in the gap cannot be followed by con-

ventional means. These cracks do not show up in x-rays because there is no %

change in the total thickness of solder. However, the ultrasonic microscope

can detect such cracks. Figure 1 is a photo of a sample which has shown a

large increase in thermal resistance after thermal cycling. The silicon cracked

into two parts early in the cycle test and each part is still holding to the

base by only a small part of the area. Cracks appear to have propagated inward % N'

from several parts of the edge.
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The Thermal Resistance Increase as a Measure of Thermal Fatigue

Measuring the thermal resistance is a powerful method to follow the

progress of the fatigue crack, particularly if the solder joint is in the

thermal path between a silicon chip and the heat sink. It has been used

extensively in the power electronics industry as a measure of the quality

of the solder joints in power device packages. ".

Figure 2 illustrates the thermal resistance increase in a power device

consisting of 2 solder layers, when thermally cycled. An increase in the

thermal resistance of as much as 1OX can often be obtained after only a few

hundred cycles. Actually the fatigue crack area is still quite small; how-

ever, because of its positive temperature coefficient, the device current

tends to concentrate just above the fatigue crack, leading to a greatly ampli- V

fied signal. Further, measurement of the transient thermal impedance of such

a device during thermal cycling can give information about the actual location

of the fatigue crack in the device package. This is illustrated in Figures

a and 3b, which contrast the shape of the transient thermal impedance curves

when the fatigue crack occurs in either of the two solder layers in the

package.

Testing for Fatigue Suppression by the Thermal Resistance Technique

We have recently reported ( 1 ) that solder fatigue can be greatly acceler-

ated if thermal cycling occurs in a corrosive enviroment, such as moist air. 5-.

The success, of lack of it, of various encapsulation techniques can be easily

tested by folloving the thermal resistance of the solder joint as a measure of

the fatigue crack propagation. This is illustrated in Fig. 4. We have also

reported (1 ) on the importance for the fatigue life of forces applied in the
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direction perpendicular to the shear plane in which the solder plastically

deforms. Again the thermal resistance of the solder joint is a sensitive

measure of the effect of Z forces on the fatigue life, as illustrated in

Fig. 5. The same effect is observed when making the thermal measurement

under pressure, as indicated in Fig. 6.

Method to Estimate Solder Fatigue

This method is based on the device geometries and thermal expansion co-

efficients, the expected application of the device, i.e., the number and

severity of the thermal excursions, and N-S plots. The procedure is su-

marized in Table I.

Table 11 gives the parameters which determine time to failure due to

solder fatigue for an application of a power device containing three solder

joints which involves three different types of thermal cycles. While this

method has not been tested against field experience, it probably is capable

of identifying the most fatigue prone joint in any given design.
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Isothermal Displacement Cycling

Experimental Procedures

Thermally cycling devices provides a good overall view of the device

fatigue behavior, but unfortunately this type of testing does not provide

information on the nature of solder fatigue per se. Therefore, to Set such

information, highly controlled, low cycle fatigue tests are being run on

solder layers. Low cycle fatigue data exists in the literature but for the

most part these tests were run on bulk tensile or bend specimens. (2.3) which

are orders of magnitude thicker than the layers of solder used to hold things

together. In our experiments the solder exists as a 0.005-0.010 layer which

bonds two halfo of the test assembly together. This layer is then tested in

fully reversed shear. An important feature of these tests is the close con-

trol of the test variables. Displacement and loads as small as 5 microinches

and 0.8 lbs. are typically resolved, with displacement limits as mall as 25

microinches being employed in the control of the test. Such high resolution

is required because thin layers rather than bulk specimens are being studied.

With a 0.007" thick layer a displacement of 25 microinches produces a shear

strain of only 0.00357 or 0.357%. While working with a thin layer produces

experimental difficulties, such an approach is considered more appropriate

because it more closely models the solder layers of real devices.

The tests have been run in a servohydraulic testing machine with the

specimen and grips enclosed in a chamber. The temperature of this chamber is

controlled to within ±t 0.2*C and tests have been run at -50eC, +35eC and

+150C. The chamber is usually purged with flowing N2 gas during the test but

other environments (such as wet N2 , wet or dry air) can also be employed and

are planned to be employed.

Figure 7 shows a series of typical load-displacement hysteresis loops

obtained is a test on type 60/40 solder tested at 356c in dry N2 . TWO types -p

of loops are shows. Those marked E T utilize the signal directly from the

.OZ displacement transducer and display the total displacement. Those marked Fp

utilize a modified displacement signal. Using an analog computer a signal
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which is equal to the load, P. times a constant is subtracted from the total

displacement signal. This constant is adjusted so that when the specimen is

cycled elastically the resultant th-E signal is made a vertical line. Thus

the computer can be made to subtract the elastic signal leaving only the non

elastic displacement. wtich is used in the P-6p curves. The use of the plas-pls

tic strain computer is necessary because when testing a thin layer it is

impossible to measure only the displacement of the layer. The need to attach

the extensometer to something and the requirement that these attachments be

robust enough not to deform during handling or testing means that the exten-

smeter must be placed at some distance from the solder layer. It therefore

measures some of the elastic strain of the test assembly in addition to the

elastic and non-elastic strain of the solder layer. Since the loads employed

are too low to produce non-elastic displacements in the test assembly, the

plastic strain computer yields a signal which is proportional only the non-

elastic displacement of the solder layer (hereafter to be referred to as the

plastic strain( p).

The encorporation of non-solder displacements in the total displacement

signal gives rise to the apparent elastic nodules being low. The total strain -

is defined as the total displacement divided by the specimen thickness, i.e.,

whereE . elastic displacement of the assembly

A - elastic displacement of the solder layer

-s now-elastic displacement of the solder layer

t thickness of the solder layer

The shear modulus t is measured as

4- P.s
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vhere P is the load &nd A is the area of the solder layer. If only the dis-

placement of the solder layer asbe on

the order of 2-3 a 10- 6 psi. The measured values of T are actually about 0.15 4

z 10-6 psi vhich means that for the test assembly beiag used and the position

of the eztenscmetero, FA - 166 S This large difference stems from the
fact that the solder thickness is only about 0.007" while the distsace between

the satensmeter measuring points is on the order of 0.3000 (4 EA/A ES is not

Just .3/.007 because the cross sectional area of the assembly is larter than

that of the solder layer).

The plastic strain is given by: 0

where Apt the som-elastic displacement is determined from the hysteresis loop

or plastic strain computer (i.e.. it is the displacement which is not linearly

proportional to the load, divided by te solder thickness).

The distinction between 6ET and is especially Important in decid-

ing on how to control or limit the cycling. If i4dE T is Chosen s the pame-

ter upon which to limit the cycling (i.e., the parameter used to signal vhen ,

to reverse the direction of loading) the incorporation of non-solder elastic

strains can lead to experimental errors. Ue solder experiences a strain

which is actually less than A6 T (the solder does not experience the elastic

assembly displacement but in weasatinli T sume of this displacement is

incorrectly ascribed to the solder layer). The plastic strain is unaffected 0

by the elastic assembly displacements since these are subtracted out by the

plastic strain computer. Thus one can measure the plastic strain being

imposed upon the specimen but one must calmulate the elastic strain of the

solder. If A T is incorrectly defisad as the solder total strain (elastic *

plastic strain). then an error results, the relative maatude of whisb

depends.upon the magnitude of the plastie strain In the solder layer.

31



Uslin limits of 1 T presents an ddition&l problem. As the load drops.

due to crack growth or cyclic softening, the elastic strain also drops. Since

the total strain limit is being kept constant the plastic strain of the speci-

sne must incrosse to compensate for the decrease in the elastic strain. Since

LET contains the large contribution of 4 FA~the increase in J6 P will be

such larger than it would be if EA were not included in 6y. The way

around these problems and the approack followed in these enperisents is to

strain cycle vithA Ps limits and to correlate the date with respect toAE P

instead Of Fortunately it is usual to correlate low cycle fatigue data

with respect to the plastic strain.

In *al-l of the experiments described here ramp loading and unloading was

employed. When a preset limit of +f was reached the cross head reversed

until the other limit of -(p was reached, where upon the crosahead reversed

again. The cycling was fully reversed with the positive and negative shear

displacements Ulna the sam,..L e. cI I - rJI

Figure 7 shows typical P-6 hysteresis loops for this cycling. All of the

tests were run with a period of 3.2 - 3.3 see. (i.e.. at a frequency of - 1/3

1z). at 35sC. Almost all the tests were run in dry N2 , a few however were run

in lab air, with no significant difference between the results.

Two types of solders were tested types 60140 (60 Sn. 40 ft) and 151 (92.5

Pb. 5 Sn and 2.5 AS). The teat assemblies were prepared as fellows:

1. The areas to be soldered were pret with solder using fluz (the areas

eore defined by boing on raised portions of the assembly blocks with a Si.

on the surrounding area. The area being soldered wat 0.1" a 0.5 with

the direction of shear beag in the 0.5' direction.

2. The half of the assembly blocks were then reOete this thne with a 0.003-

0.004: solder layer, also %ains fl= (in'Stop 1 only & V06 thin layer Of

solder was applied with eare belas taken to insure that all the test

assembly area was Tet with solder).

32 p



I °

3. The solder of two test assembly blocks was then refeloed to make the

final Joint. The assembly blocks were separated by spacers which defined

the thickness of the solder layer. Then. the solder was melted in this

reflow stop the solder area were not directly above one another, but were

displaced. Then after the solder melted the blocks were slid into the

correct alignment. This was dome to prevent entrapped gas bubbles. This

entire operation was performed in a box containing N2. After the blocks

were aligned the entire box and assembly was slid off the hot plate where

the melting was achieved, on to a cold plate where the solder solidified.

The times and temperatures were monitored and controlled during this

entire operation, so that the process could be as repeatable as possible.

The test assembly was then bolted into the test grips. The bottom grip

utilized a woods metal alignment system. During the assembly operation this

grip was free to move, after assembly the grip was frozen in place. This

allowed the test specimen to be inserted in as stress free a manner as possi- I
ble. Without such an approach the solder layer can be &everly strained during

insertion in the grips.

Preliminary Experimental Results and Discussion

This program is still ongoing so only some preliminary results will be

discussed here. Tests have been run at -50C, +350C, and l$OC with cycling

frequencies of from 3 1 10- 5 to 3.3 z 10-1 Nz. We shall only discuss tests

ru at 35eC and 3.3 z 10- 1 Iz.

Figure 7 shows an example of the hysteresis loops which were recorded

periodically during each test. In addition a continuous record of the load

and strain was made on strip chart recorders. The loae record was particu-

larly interesting. In most LCF tests cited in the literature the maximum load

either increases or decreases due to cyclic hardening or softening and then

roaches a plateau. which is followed by a decrease in load due to crack

nucleation cad propagation. These tests on solder differed in that there was

no plateau of constant load. The lnd either started dropping after the first

114 cycle as in figure 1 or there was at' most only one or two cycles of load

33
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increase followed by a continuous decrease in the maximum load (this latter

'behavior was typical At -50*C for both the 60/40 and 151 solder&). It is

believed that this load drop was due to cracking of the solder and that the

load drop can be used as a crude measure of crack propagation (ultrasonic

microscopy on interrupted tests &ro planned to determine the exact correlation

between the load drop and the cracking of the solder layer).

Figures I and 9 show the drop in load as defined by 0 - 1 - hp/hp mal,

whete, Ap !a the load range for any cycle and hp max is the maximum load range

observed during the test. As can be seen In A In N4B. All the 0--N curves

are not as well behaved as that of figures 2 and 3. In some there are tails

at large And small values of %. However between 0 - .1 and P - .9 there is

good linear ,behavior. At -509C there is a significant break in the 0 vs. N

curve even in the of .1 to .9 range.

Work is ongoing to convert the In 0 vs. In N curves to crack growth

curves end from these define the LCF in terms of crack propagation. The other

approach, and the one currently being employed Is to define the fatigue life

in terms of the number of cycles for the load to drop a given amount sad then

correlate this life with thebE p employed in the test. This is done in fig-

urea 10 and ±1 where the lines for 9-.1. .5. and .9 are shown vs. AE ,

There is considerable scatter in the -. 1 data. which is not surprising

since this data is moat subject to variations in the nucleation rate and

cyclic hardening or softeniug effects. There is much less scatter in the

.5 or 0 - .9 data.

Figures 10 and 11 llsta5that both solder exhibit Coffin-Kanson type

behavior, I.e.. Nf - C .The 60/40 solder has a Cof fina-Kanson

fatigue exponent. a. of about 0.4 which is typical. The ezposemt for the 151

solder is.$. This data illustrates that while both solders exhibit typical

LY behavior it is a mistake to as*=* that both have, a Coffin-*&nsom exponent

of 0.6. Tests rus at -50C and +1500C are showing that a is a function of the

oyeling temperaftre. Tests rum at frequencies ether than 1/3 En are ahowing a

significant Ant leenee of the cycling frequency en the life with the life

decreasing as the cycling frequency deereaacs.
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TABLE I

PROCEDURE TO ESTIMATE FATIGUE LIFE
,'K

I. IDENTIFY THOSE DEVICES WHICH ARE THE MOST

FATIGUE PRONE.

2. OBTAIN THE GEOMETRY OF EACH SOLDER JOINT I1 THE

SUSPECT DEVICE STRUCTURE.
TS

3. OBTAIN THE CONDITIONS UNDER WHICH THE DEVICE IS

EXPECTED TO BE USED.

4. CALCULATE THE THERiAL RESISTANCE OF EACH PACKAGE

COMPONENT.

5. CALCULATE THE TEMPERATURE INCREASE ABOVE AMBIENT

AT EACH INTERFACE UNDER POWER DISSIPATION.

6. CALCULATE THE STRAIN EXCURSION PER CYCLE FOR

EACH SOLDER LAYER.

7. CALCULATE THE CYCLES TO FAILURE USING THE COFFIN-

1ANSON RELATION,

*8. DIVIDE Nf BY THE ;UMBER OF SUCH CYCLES WHICH THE "

DEVICE IS EXPECTED TO ENDURE DURING ONE YEARs

THIS GIVES THE PRELIMINARY TFF.

9. IDENTIFY THE MOST FATIGUE PRONE JOINT IT HAS THE

SHORTEST PRELIMINARY TFF.

10. FROM THIS PRELIMINARY TFF SUBTRACT THOSE PORTIONS

OF THE FATIGUE DAMAGE CONTRIBUTED BY ALL OTHER

STRAIN EXCURSIONS.
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'On- TABLE 11

PARAMETERS WHICH DETERNNE
TIMI TO FAILUR.E

DUE TO SOLDIER FATIGUE

A. Slow ambient and average power cycle, I cycle/day required %
Solder joint .1

Parameter 1 2 3 %
aT, "C 41.1 41.1 41.1
aTL, 6C 41.1 41.1 41.1 S
T,,u.eC 100 100 100
4. % 088 1.3 5.1
N,, cycles to failure 2.106 7.10 5  6.104
n4, cycles per year 365 365 365
Years before failure 5500 1900 160

B. Power cycles of I rin duration. 240 cycles/day required
Solder joint

Parameter 1 2 3
aTt, C 20.6 19.0 15.8
ATL. C 20.6 17.4 14.7
T..,C 33 1 78
4, % 044 0.51 2.3
N1, cycles to failure 3.10' 2 .107 4.10 5

no, cycles per year 87.000 87.000 87,000
Years before failure 340 230 4.60

C. Power cycles of 5 rain duration, 16 cycles/day required
Solder joint .-

Parameter I 2 3
A Tl, &C 30.9 21.5 23.7
A T, °C 30.9 26.1 22.1
T'M,'C 99 97 92
4, % 0.66 0.77 2.6
N,. cycles to failure 7.106 3-10' 2.105
Years before failure 1200 510 34

" Most fausue prone

I)
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THERMALLY-CYCLED SOLDER SLEEVE i SCREEN TERMINATIONS

by

P.J. JONES and R.W. GRAY

RAYCHEM S.A.

Saint-Ouen 1 'Aum6ne

FRANCE

cder S7-eeve screen terminations have been subjected to era shock

c:-cles bezween the minimwn and maximum rated t;emperatures of -65'C and

,50'C. Microscopical exanination revealed no thermal fatigue after 200

cycles despite the presence of microvoids, the arowth of intermnetallic

:ayers and the coarsening of the phase structure of' the solder. Bu 400

e s some -.ntermeta!.ic cracking was detectabLe. A. joi 'rts r"assec

-,ec-. ca:ion intended focr use "wis'; -7U2;:

.s 'erc ts. X' erences between Solder Sleeve reou:i>s an hs

c~rz r':r rirn-ed circui t board joints are "iscussed and eiaine2

:-- S r . materia and aeometric di'ferences.

.. Trade Mark.
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1. INTRODUCTION

1.1. Solder Sleeves

A Solder Sleeve A device is a product that simultaneously solders and insu-

lates a soldered joint, such as the cable screen termination (Figure 1.).

The Solder Sleeve * consists of a heat-shrinkable outer jacket which contains

a pre-fluxed solder preform together with two rings of heat-fusible thermo-

plastic. Upon heating the device, the jacket shrinks down, the solder mel2s

and flows around the conductors to be joined (thus creating the solder joint;

while the fusible inserts melt and seal the joint area. See Figure 2.

Under visual examination of such soldered joints, the presence of microvoids

is typically observed within the solder mass. At the surface of the solder

these appear as quasi-spherical dimples. The voids can vary in size between

.10 and 100 p. Their formation probably arises from a combination of several

events including (1) evaporation of the flux solvent (2) volatiles created

after flux reaction and (3) air entrapment during shrinkage of the device.

Despite the fact that millions of such Solder Sleeve terminations continue

to operate satisfactorily throughout the world, the question has been raisec

whether these voids effect the long-term reliability of the soldered joint.

The concern stems from the possibility of cracks being initiated from. suc.

voids, especially when the joint is exposed to thermal stresses during acce-

lerated thermal cycling of long duration between extremes of temperature.

If such cracks spread to the entire conductor-solder surface then Joint

failure would ensue.

kAYCHEM Trade Mark.
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1.2. Previous work

Tlere is extensive work reported in the literature on thermal cycling of

soldereo joints, however this is overwelmingly on joints made by component

leacs Passing through holes in printed circuit boards. Berkebile (2) examined

cracks that arose on PCB connections and concluded that the main cause of

cracking was the difference in thermal expansion between the glass-epoxy

board and lead metals ; he also concluded that the main stress raiser was

the edge of the hole and recommended the use of stress relieving longer

leads together with lap joints. Bang and Beal (3,4) cycled integrated

circuits in plated-through-hole joints using a range of tin/lead solders

from Sn 40 to Sn 70. They found that coarsening of the grain structure

led to intergranular cracks at the pin/solder interface, which is the

highest radial stress region, and confirmed the results of Zakraysek (2) P

that the eutectic alloy (Sn 63) is the worst in this respect. The increased

propensity of the eutectic to crack has also been confirmed in the same

geometry by other authors (5,6). The effect of adding thermal insulation

either by the use of foamed encapsulants (7) or by using silicone sleeving
on component leads (8) is to lessen the thermal shock during cycling and

gives a considerable improvement in the tendency of plated-through-hole ,

joints to crack. v

In view of the considerable difference in geometry between plated-through-:%
el.

hole joints and the lap type of screen termination joint that one obtains

with a Solder Sleeve A device, it is interesting to note that Dunn (9,10,i11 )S

compared the performance of the lap joints obtained with "Flat-Packs" to

those of clinched and normal plated-through-hole joints. Whilst the latter types

failed, no cracks were found for the lap joints. He concluded that the lap

geometry isolates the joint from the largest thermal mismatch, that is between

the lead and the thermal expansion of the PCB in itt-thickness direction,

and that the form of the lead gives some bending str s relief. Some micro-

porosity was also found in these "space quality" jo' but no general

connection was found between this porosity and cra (11)

54
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1.3. Purpose of this study
-----------------

X"

The objective of the work described in this paper is to determine the

behaviour of thermally cycled Solder Sleeve joints under conditions

that might be expected to initiate solder cracking. The experimental

conditions were extremely severe, namely cycling between the lower and

upper temperature limits of the product (-650 to + 1500 C) with very ranid

temperature changes. Further, the normal eutectic solder alloy (Sn 63)

was used with its apparent higher cracking susceptibility.

2. EXPERIMENTAL

,.1. Joint preparation

The product selected for this study was a D 144-00 Solder Sleeve installed

0 as a lap joint terminating the screen of a small size (24 AWG) screened cable ,

to a 24 AWG wire. Both conductors were tin-plated copper. Cable preparation,

Solder Sleeve installation (using an infra-red heater) and joint inspection

were made according to the recommended Raychem procedure (RPIP 540-01).

Thermal cycling

The test rig for the thermal cycling comprises two chambers. The cold

chamber is cooled by liquid nitrogen injected into a forced circulation

stream ; the hot chamber is heated by a hot-air blower, the impeller of -I

I

which forces air over an electrical heating element before being passed

into the chamber proper. The temperature in both chambers is regulated

to within 50C. The sample holder is moved between chambers by a drive

unit mounted on rails and has doors mounted on it to seal each chamber

on entry. A monitoring thermocouple is installed on the sample holder.

The transfer of samples from one chamber to the other takes about 10

seconds. 55
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The literature reveals numerous different thermal cycling conditions. The

lower temperature chosen here was - 650C, the same as Bang (3), this, being

the minimum operating temperature for the Solder Sleeve device. Again, to

ensure the severity of our tests the upper temperature was taken as + 1500 C,

being the maximum operating temperature for 0 144-00 Solder Sleeve 9 devices.

The dwell times were 30 minutes each at the extreme temperatures with transfer

time between then of -10 seconds. Thus the cycle conditions adooted here are

essentially those in MIL. STD 202F Method 107 D Test condition F. The only

difference is that the MIL. specification allows uD to 5 minutes at 25%

between transfer. Our rig transferred much more rapidly in accordance wits

the wish to have an even greater degree of thermal shock.

2.3. Electrical tests

The electrical quality of the soldered joints was monitored by measuring

the voltage drop as a function of the number of thermal cycles. The Solder

Sleeve Specification RT 1404 requires that the voltage drop across the

joint should not exceed that of an equivalent length of the grounding wire

by more than ImV on installation or 1.5mV after exposure to specified

tests, including thermal cycling.

The voltage drop was measured from one side of the joint on the screen to

the other side on the grounding wire at I Amp. D.C. current. This distance

was fixed at 18mm and for the ground wire used the voltage dron was 0.89m\'

over this distance. For the current source a FARNELL AT-26 stabilized sunply

was used, the voltage drop being detected using knife edges connected to a

KEITHLEY IEEE-488 voltmeter.

2.4. Visual examination

Samples were potted in epoxy resin and then sectioned using a diamond saw.

Care was taken to avoid artefacts appearing during polishing such as scratches

or those due to differential abrasion. The samples were polished using succes-

sively finer grades of diamond paste down to I Wm followed by a final polish

56
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using 0.05 m alumina powder. Cleaning between polishing stages was performed

ultrasonically using iso-propyl alcohol. These samples were used for direct

optical microscopy using a Nikon microscope.

For examination by scanning electron microscopy the polished faces were rendered

conductive with a thin evaporated carbon coating. A Cambridge Stereoscan S600

was used, together with an X-ray fluorescence analyser for elemental analysis.

3. RESULTS

3.1. Microscopy

Figures 3 show typical SEM micrographs for uncycled joints. Fig. 3 a is a

general view for a section polished parallel to the conductors. Note the

presence of several micropores as mentioned in the introduction (§ 1). Fig 3 b

shows at higher magnification a perpendicularly polished section, again revea-

ling micropores of irregular shape and size. The dark and light domains are

irespectively the tin-rich and lead-rich solder phases. Fig. 3 c is at higner
4 magnification again, together with an elemental line scan for the elements

copper and tin along the region delineated by the horizontal line. To the

left, the large dark feature is a strand of a copper conductor. Note, the

fluctuating tin signal, which indicates the tin concentration variation as

the 'line' crosses alternately the tin-rich and lead-rich domains. From the

region where the tin and copper signals overlap it is possible to estimate

the thickness of the intermetallic layer around the conductor. Figures 4,

and 6 (a, b and c) show typical micrographs for joints cycled for 100, 200

and 412 cycles, respectively. In each case a) is a general view, b) a close-

up near a pore and c) is an elemental line-scan near a conductor. From mary

such line scans it is possible to estimate the average size of the disco'-

tinuous lead- rich phase and the thickness of the intermetallic layer. The

results are shown in Table 1.

TA'1,E I Average dimensions estimated from microscopy

No of cycles Lead-rich domain size Intermetallic thickness

0 1 im 0 - I Pm

100 r 4 pm 2.5 um

200 . 6 Wm ev 3 pm

412 1. 10 pm ,, 3.5 wm
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3.2. Electrical measurements P

The measured voltage drop of the solder joints are summarized in Table 2. Note, "

the voltage drop due to an equivalent length of ground wire is 0.89mV, and this

should be subtracted from these values to obtain the net effect of the joint

area itself.

TABLE 2 Voltage drop results (millivolts)

(D StandardNo of cycles Average DeStn Minimum Maximum-- ---- ---- - ----- Deviation- - - -- - - -

0 0.78 0.06 0.61 1.08
100 0.92 0.19 0.62 1.44

200 0.94 0.20 0.66 1.45
412 1.20 0.50 0.67 2.44

Averages over for 18 samples each.

4 DISCUSSION

For joints cycled up to 200 times - 650 to + 150'C, examination of the micro-

grapns revealed no sign of cracking, despite the presence of irregularly

shaped microvoids. Even for the most severe case of 412 cycles there is no

evidence of cracking in the eutectic solder mass. However, a few cracks were

detected in the intermetallic zone (see figure 6 b). By contrast, Dunn (9)

identified well-defined cracks in eutectic solder joints to PCBs cycled up to

as low a temperature as 100°C. Similar results were found by Becker and

Denlinger (5), that cracking was initiated after 200 cycles up to + 125°C.

Thus the absence in the present study of any cracks for 200 cycles up + 150'C,

and only some intermetallic cracking after 412 cycles, must indicate lower

thermally induced stresses in the current screen termination joints compared

to the above cited PCB joints. The reasons for this lower stress are two-fold.

Firstly, the PCB joints experience larger thermally induced stresses because

of the high (Nv40 x 10- 6/°C) expansion mismatch between glass-epoxy board and . %

copper, whereas in the Solder Sleeve joint the mismatch is only between

solder and copper being" 8 x 10 6/°C: Secondly, the geometry of the plated-

through-hole joint means that radial expansion of the PCB material is concen-

trated at the solder fillet, and as Dunn (9) pointed out, for a lap joint

otv' .r ri58
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where the stress concentration is far lower (even on a PCB) cracking is much

less likely.

The coarsening of the lead-rich phase and the growth of intermetallic (Table 1)

are well known to occur in tin/lead alloys as a result of diffusional processes

at elevated temperatures. Thermal cycling per se would not be expected to

accelerate intermetallic growth, and if the elapsed time at 150 0C is used to

calculate an approximate growth rate the results agree reasonably with values

published in the literature.

The results of voltage drop measurements (Table 2) are all within the accented

performance requirements of 1.5mV over the ground wire (ie 2.4 mY). Thus there .

is no deterioration electrically of the Solder Sleeves* joints up to-'.H tnerma7

shock cycles, confirming the results of SEM examination. The reason for the

slight upward drift in the average voltage drops (consistent though less than

the experimental error) is possibly due to non-uniform current distribution

arising from slight oxidation of the shield and ground wire leads as a result

of the elapsed exposure (- 200 hours) at 150'C.

It should be pointed out in conclusion that Solder Sleeve devices are not

designed or supplied for service conditions that involve such extensive and

severe thermal treatment. Nevertheless, it is significant that eutectic solder

joints do in fact survive such treatment.

. CONCLUSIONS

Screen termination Solder Sleeve joints are not prone to thermal fatigue ke

even with eutectic solder after 200 thermal shock cycles from minimum to

maximum rated temperature (-65 to + 150'C).

Some intermetallic cracking is observed in the intermetallic zone after -400

cycles,but microvoids themselves do not contribute to crack growth under these

cycling conditions.

Differences between these joints and those reported on printed circuit boards

are due firstly to the absence of high expansion coefficient board materials

and secondly to the low stress of a lap joint.

% Electrical performance, as measured by voltage drop, remains satisfactory

and confirms the absence of general thermal fatigue damage. V
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CAUSES OF COMPONENT SOLDERABILITY PROBLEMS

Roy Yenawine, Ph.D.
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ABSTRACT:

This paper is a review of the causes of component

solderability problems as seen by the Texas Instruments Equipment
Group. Two types of causes are considered. The first is the
system by which component lead solderability is described in MIL
SPECS, contractural requirements, and in TI documentation.
Seldom are all three of these factors in agreement. Often one or
more of the three are internal-ly inconsistant. The second type
of cause of solderability problems is found on the component lead
itself. These metallurgical solderability problems are reviewed
in detail for the various families of components. Finally,
solutions for these component lead solderability problems are
proposed.

INTRODUCTION:

In a mature company many problems tend to appear and reappear 6

in cyclical fashion. Each time the problem becomes severe, it is
attacked and pushed back down into the background. Component
solderability is one of those problems that stays down in the
background only to erupt into a major problem every year or two.
This cycle is dramatized by the "Chicken Little Effect" in which
everyone rediscovers the minor solderability problems that have
llav,'s existed. Cycles such as these usually mean that the
pri7nary cause of the problem has been ignored while only the
symptoms have been attacked.

.. 2~......[ " -,

Ther areblvn The'Ve
There are v ..levels Q-f approach toT -PrOblem. The.1

highest level of- Oproach is (or was) that &f Bel Labs. Bell 1.

defines the leadif*- Bell-aepificati -aid. then inspects the
parts in the vendor's factory. Bell does not have a large
inventory of unsolderable parts.

The next level might be the IBM approach. IBM defines the
lead clearly, negotiates aggressively with its vendors, and then
100% tins the parts on receipt. IBM rarely has an inventory of
unsolderable parts and even those that sneak in are quickly
tinned. This system insures that manufacturing managers at IBM %

know exactly what they are paying to have perfect solderability
at the assembly level.

The thirl level includes companies such as the Texas
Instruments Equipment Group (TI-EG). TI has been performing
solderability testing for more than 20 years. Some credit for

this testing is iue to the requirements of the TIZC Shrike

Program. TI tests all incomihng parts to MIL-STD-750, Method
2026.2 and then retests all parts leaving the warehouse that are

68

Pot~V. leV N7



to be used in the NWC programs (Harpoon and HARMI) to th,, full
requirements of MIL-STD-202, Method 208. If parts fail thes(e
tests, TI retins those parts that are in critically short supply
and returns the rest to its vendors. TI may hive t ,ira e
inventory of unsolderable parts on hand at any time and be
involved in the negotiation process with various vndors.
However, the Harpoon reject rate on the assembled boards,
measured immediately after the flow solder machine, is in the
range of 4 defects per 10,000 solder joints, so the system
usually works.

Further down the scale are the companies that test using RA
or RMA fluxes and those that do not perform solderability testing
at all. These companies perform a very valuable service by
buying all of the poorly solderable parts rejected by those
companies mentioned previously.

This paper is directed to those companies who, like TI, are
caught between loose component specification (vendor)
requirements and tight system (customer) requirements. The Bell
Labs and IBMs are in firm control and need no help. The
companies who have weak or no incoming testing have probably
never noticed that there was a MIL-SPEC conflict and, thus, see
no need for help.

The goal for all companies is to perform solderabilitv
testing in the most cost effective fashion. This paper is a
review of the causes of solderability problems ranging from. those
arising from the Government MIL-SPEC system to the individual
solderability problems resulting from human error. Of necessity,
the examples cited are from the Texas Instruments Equipment Group
which has a reasonably cost effective approach.

MILITARY ASSEMBLY SPECIFICATIONS:

Government specifications for solder joint quality seem to be
relatively uniform. The Navy, as represented by ,WC and WS6536,
is very exacting. No military customer will knowingly accept an
inferior solder joint. kithough the three services readily
accept LTPD and AQL levels in specifying the solderability of
components, they seem to be loath to accept the LTPD or AOL
concept as applied to assembly solder joints.

The requirements of the various assembly MIL-SPECS as shown
in Table 1 tend to be more rigorous than the component
specifications. The assembly specifications usually cite
MIL-STD-202, Method 208, while some component specifications,
most notably microelectronic and semiconductor parts, cite less
severe tests. This is often a result of the agency controlling
the specification and the companies with which they interact.
The agencies in charge of system reliability re more concerned
with part performance than with part availabili.y. the Navy, for

'V. example, places requirements in WS6536 that in their judgement
will produce the most reliable system. The Navy would prefer

6)



that all component specifications produce parts that could be
soldered with very high yield with the RMA flux allowed in
WS6536. However, the Navy cannot unilaterally change component
MIt-SPECS that are used by the other services and that are
controlled by DESC ot the other services.

DESC, on the other hand, deals much more often with the
component manufacturers and feels a responsiblity to keep cost
low and availability high. As a result, assembly requirements
often are more rigorous than component specifications. The major
assembly documents in use at Texas Instruments are MIL-STh-454,
WS6536, MIL-STD-46843, MIL-P-45743, and MIL-S-46844. The
requirements are summarized in Table 1. Appendix A contains the
exact wording of the applicable paragraphs.

TABLE 1: SUMAMRY OF ASSEMBLY SPEC SOLDERABILITY REQUIREMENTS
----------------------------------------------------------------------------
ASSEMBLY COMPONENT TYPE
DOCUMENTS -

SEMICONDUCTORS MICROELECTRONICS MISC COMPONENTS
----------------------------------------------------------------------------
AIR FORCE:

MIL-STD-454 MIL-STD-750 MfL-STD-883 MIL-STD-202
(Electronic Methoa 2026.3-._ Method 203.2 Method 208
Equipment) -

NAVY:

WS6536 MIL-STD-202 MIL-STD-202 MIL-STD-202
(Electronic Method 208 Method 208 4ethod 208
Equipment) within 120 within 120 within 120

days or pretin days or pretin days or pretin

ARMY:

MIL-P-46843 MIIT wTD-202- - M1L-90-. 202" MIL-STD-202*
(PWB Method 08 Method---208 Method 208
Assemblies) ":" M

MIL-S-45743 MIL-STD-.202 MIL-STD-202 MIL-.STD-202
(Hi-Rel Manual Method 208 Method 208 Method 208
Soldering)

MIL-S-46844 MIL-STD-202 MIL-STD-202 MIL-STD-202
(Machine Method 208 Method 208 Method 208
Soldering)

*When Required by Contract

Where assembly documents are concerned, the requirements are
generally consistent and strict. The only document not directly %
requiring that all components be solderable to MIL-STD-202,
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Method 208, MIL-STD-750, Method 2026, or MIL-STD-883 Method 2003
for all components (excluding boards) is MIL-P-46843, where thle
requirement applys only where referenced in the individu;l
contract.

Table 2 lists the actual olderability requirements in the 
II iL-STDS referenced in these specifications:

TABLE 2: MIL-STD SOLDERABILITY TESTS
------------------------------------------------------------------------
TEST CON- MIL-STD-202 MIL-STD-750 MIL-STD-88313 MIL-STD-883C
DITIONS METHOD 208 METHOD 2026.2 METHOD 2003.2 METHOD 2003
-------------------------------------------------------------------------
AGING Steam Aging Not Required Steam Aging Steam Aging

60 Min. 60 Min.Minimum 60 Min.Minimum
+5 or -0

FLUX R Flux R Flux R or RMA R or RMA

FLUXING Immerse 5- Immerse 5- Immerse Immerse
10 S. Drain 10 S. Drain 10-60 S. 10-60 S.
10-60 S. 10-60 S.

SOLDER 230 +/-5 C 230 +/-5 C 260 +/-10 C 245 +/-10 C
TEMP 0

DIPPING Immerse 1+/- Immerse 1+/- Immerse 1+/- Immerse 1+/-
1/4 IN/S 1/4 IN/S 1/4 IN/S 1/4 IN/S
Dwell 5+/- Dwell 5+/- Dwell 5+/- Dwell 5+/-
1/2 S 1/2 S 1/2 S 1/2 S
(Dipping (Dipping (Dipping (Dipping 0
Device- ) Device) Device) Device)

EVAL 10 X Mag. 10 X Mag. 10-20 X Mag. 10-20 X Mag.
95%" Coverage 95' Coverage 90% Coverage 95% Coverage

-------------------------------------------------------------------

Note that the MIL-STD-883C revision coming into use next
month changes the soldering temperature to 245 1/- 10 C and
raises the coverage to 95 percent. This will bring MIL-STD-883
closer to the requirements of MIL-STD-202 and MIL-STD-750.

Very strict requirements on a few systems have a large effect
on solderability tests for all components. The logistics that
would be required to stock commonly used parts separately for
each program in order to take advantage of the more relaxed
requirements are too expensive to be worthwhile. Thus, the most .-
rigorous assembly solderability specification tends to become the
one to which components will be tested at incoming inspection.
Further, the incoming management much prefers to test all parts
to one common test. As a result, the most severe assembly
specification (WS6536 for TI) often tends to become the
engineering basis for all components.

COMPONENT MIL-SPEC SOLDERABILITY REQUIREMENTs: 
.

The common solderability requirements are shown in Table 2.
It would bo best if there were only one solderability test, but
requirements in the various standards are beginning to converge.
"EII.STD-883C would be an excellent test to use on all components

71

%.*

5-



L.i

if only pure rosin (R) flux were used.

Table 3 shows a list of various component types and the

MIL-ST) containing the solderability requirement most commonly
applied as well as the test procedure used. The anomalies would
be irmusing if they were not so serious. The IC, which is the
single most common part on most modern PWB assemblies, has much
less stringent requirements than the less expensive transistors
and axial leaded components. Even common bus wire must be more
solderable than the IC. The reasons for these oddly weak
solderability specifications lies in the strength of the
component manufacturers and their trade organizations. IC
manufacturers exert a greater influence on the MIL-SPEC guardians
than do the resistor or wire manufacturers. In many cases, it
appears as if individual component types have obtained
dispensations from solderability requirements that relate to some
past difficulty in making a part rather than to the solderability a
requirements compatible with using the part.

TABLE 3: COMPONENT SOLDERABILITY REQUIREMENTS %

DEVICE MIL-STD EXCEPTIONS &
NOTES

Microelectronics MIL-STD-883, Method-203.2
SC Devices MIL-STD-750, Method 2026.2
Large SC Devices MIL-STD-750, Method 2026.2 Dwell 10+/-l S.
Resistors MIL-STD-202, Method 208
Capacitors MIL-STD-202, Method 208 '9. *

Switches, Relays MIL-STD-202, Method 208
Transformers MIL-STD-202, Method 208
Jacks 14IL-STD-202, Method 208
Bus Wire MIL-STD-202, Method 208
Magnet Wire J-W-1177 Solder 360-430 C

Fxam at IX

Chip Capacitors MIL-C-55681 SN62 Solder
- (2% Silver) N

TEXAS INSTRUMENTS 8PECIFICATIONS:

The conflicts among MIL-SPEC requirements are generally

easily understood once they are presented in summary form on a
.Figure or Chart. However, a large company tends to have a
complex system of requirements that can hide many flaws. Those
flaws lie quietly and cause no problem until an unsolderable part
arrives at incoming. Only then do they become visible.

The purchased part is described by a part drawing or

specification that in many cases is required by contract to
duplicate the relevant MIL-SPEC, and by special clauses in the
purchase order. In many cases there is also a general
specification in addition to the specific part specification.
Requiring better -piderability than that specif~id by the MIL-
SPEC can make the-part a "special" (or nonstandard) part rather
than a "MIL-SPEC" part. This can make the part more expensive
and less available. Some Parts Engineers believe that such a 4

nonstandard part requires customer approval for each program on
which it is used. One of these three documents can as easily as
not loosen solderability requirements by providing special tests
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that are not as rigorous as the MIL-SPEC requirement.

At TI, once a part is received its testing is governed by an
Incoming Quality Procedure (IQP) that tells an inspectr whLd':
tests to perform and the required sample size. Quality Operiting'
Instructions (QOI) describe the specific test procedures, and the
part specification lists the required performance. Table 4 lists
the internal documents and the approximate number of each type.
Thus, there are tens of thousands of opportunities for errot-, and
they may only be found when parts cannot be soldered acceptably
at the assembly level.

TABLE 4: I,4TERNAL SOLDERABIL[ETY DOCUMENTS

TYPE MINIMUM NU-,BVi[-R
---------------------------------------------------- -------

PURCHASE ORDER CLAUSES 70

PART SPECIFICATIONS 45,000

GENERAL PART SPECIFICATION 27,000

IQPs 60,000

QOIs - 161

GOVERNMENT-INDUSTRY ACTION:

While most of the MIL-SPECS have been relatively quiet, the
MIL-SPEC controlling solderability of integrated ci-auits has
been in a state of flux that promises to improve co!vIponent
solderability once the semiconductor industry learns ho. to
reflow or tin-lead dip ICs. The learning process has beon
painful for both users and manufacturers.

The requiremen1t for -refloved or , s r dipped -:leads on DIP
ICs that was sel.f activated in MIL-M-38510 in December of 1982,
has been the tool thAi& raised the attenti6n- (an 4pai-n) level of
the semiconductor iqdustry to the solderability problems that ire
so prominently disf.Tayed.at this and other simi _ .orums.

DESC action is continuing- to tiAg. the specifications in
MIL-STD-883 until they differ from those of MIL-STD-202 only in
allowing the more active flux. The active stance of the
manufacturers as seen in the JEDEC 13 Committee is now beinig
countered by a stronger stance in the user Electronics Industries
Association (EIA) G12 Committee. This will help to give
DESC-RADC freedom to require excellent component le ad
solderabi lity.

There were many industry and joint industry//govern.:ient
meetings that focussed on component solderability in 1933. The
NWC Soldering Symposium of February set the tone for the yeea-
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with several strong papers on component solderability. The EIA -.

G12 Committee met twice with the DESC representatives in
attendance and unanimously voted for R flux, 95% coverage, and
aging requirements for MIL-STD-883C. The JEDEC JC-13 (SC
manufacturers) Committee met twice and voted overwhelmingly to
keep solderability requirements on ICs at the present lax levels.
A solderability symposium at the Westinghouse facility in Lima,
Ohio, emphasized the specification discrepancies and the general
nature of solderability problems. A joint military/industry
meeting sponsored by Jim Raby at the Indy Electronics facility in
Mantecca, California, focussed on the processing and lead finish
changes needed to provide high manufacturing yield to both users
and manufacturers of ICs.

The year of 1984 promises to be as active with three major
meetings in August.

TEXAS INSTRUMENT'S COURSE OF ACTION:

TI is participating actively in the drive to consolidate the
MIL-SPECS in one rigorous set of requirements, such as the new
MIL-STD-883C with water white rosin flux.

The internal system within TI is policed by a corrective
action loop that was formalized after the military/industry
meeting at Mantecca in the spring of 1983 when it became apparent e
that a large percentage of the ICs manufactured in 1983 would be
poorly solderable. The IC solderability problems resulted from
the semiconductor industry's belated attempt to learn how to -

reflow tin plated leads and from their reluctance to commit to
solder dipping component leads after burn-in.

Programs being supported -by TI range from very old RADAR
systems to high technology space and weapohs systems. Some
systems were designed before thur common use of the IC, and thus (
have low density component.loading and can use RA- flux. -Other
programs have ing a allow only RMA flux. A
few subsysta - X. Tre large majority of these
components come from comm5h stock. Thus, the incoming
solderability test must assure that parts drawn to be used on NWC
programs will pass the stringent MIL-STD-202, Method 208, test.

This incoming requirement has created strong conflict when a
lot of ICs manufactured to MIL-STD-883B was rejected to the
tighter MIL-STD-202 test. In most cases the vendor complaints
were obvious negotiating ploys since most experts believe that
the large majority of parts failing MIL-STD-202 tests would also
fail the MIL-STD-883B tests. Since TI could not use parts
failing MIL-STD-202, and vendors were reluctant to accept parts
that had not specifically failed to meet the requirements of
MIL-STD-883B, a system was set up to review and retest all
rejected lots in the Equipment Group Analytical Laboratory. The
purpose of this testing effort was to analyze the solderability
failure causes; to provide data, pictures, and written analyses
to be used in negotiating the return of poorly solderable parts
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to the vendor. They were also to evaluate the next generation of
tests on ques"oionable parts.

Table 5 summarizes the 133 component failures that were
retestol in the lao out of 43,000 lots received by TI during a
,.Ven moi.th period ending in January, 1984. Note that ICs make
uu 4{' o = :f e failures. This resulted from the industries last
min~i_ ,f orts to learn to reflow electroolated tin on IC leads
by Dece:iber 1, 1982, and frofn their efforts to optimize the
solder dipping process in 1983. Note that the remaining failures
dwere curtmn 1 non-IC components not at all affected by the new
requirement to reflow or solder dip IC leads. Among other facts,
it was learned that atging does affect component leads having
excposed intermetallic co,,mpounds. It was found that the
probaibility that a part will pass the MIL-STD-883B tests after
f,riling the. ;!I,-STD-202 tests is very low. It was also learned
that lot variance had a large effect on testing integrity, so S
testing by date code was set up. TI tested parts drawn from the
ar a house as well as those entering the warehouse, and the data

shows that significant solderability degradation does not occur
Li a warehoLse which is air-conditioned.

TABL 5: PARTS EVALUATED

DEVICE %o\tIJMBE OF LOTS 'FESTEI % OF TOTAL

MiCrockrcuEs 61 45.9

Diodes 23 17.3
Transistors 31 23.3Resistors 6 4.5
Capacitors 4 3.0 .

Termina ls 3 2.3 1
,iscel laneous 5 3.8

COST EFFECTEVENESS OF THE TI SYSTEM :

rhe cost sivings associated with a reject rate at the solder
2aohioe of 4 parts per 10,000 can only be compared to what it
would be L' oarts were not inspected at incoming, which is
inor. :-a-in that TI does not intend to develope. The low levwl %

I- nco' ing rejection in the face of a uniformly stringent
nc C ".ng solderability test is simply a reflection on the
intelligence of most of TI's vendors. Intelligent vendors do not

s.hi- poorly solderable cooponents to a customer with tight
s~ier~bilitv requirements so long as there are other customers
-:1i will pay the same amount for the parts and who do little or
no testlng. In fact, companies which tin 1009 of the parts
instad of testni g must be prized customiers.

The costs f the Tr system are not high. The incoming
s)lIJrabilitv test adds little to the cost of other incoming

st s that are required by contract. The cost of having a
l rbrat ry -analysis of each failed lot is more than

7JK
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counterbalanced by the shortened RTV (return to vendor) cycle and
the time previously wasted by professionals in the Procurement
Assurance and Purchasing departments in negotiation with the
vendor. The largest cost of rejecting unsolderable lots of parts
is the interest paid on the money that remains in the hands of
the vendor until he agrees to take the parts back.

CURRENT SOLDERABILITY PROBLEMS:

The first section of this paper has dealt with the
bureaucratic causes for the continuing component solderability
problems. This section will review some examples of the
solderability problems found in the last six months in a review
of all incoming solderability rejects and will suggest some
solutions.

Many solderability problems are simple process problems of a
transient nature such as those seen in the less expensive
components and those components manufactured by small
companies who are often dependent on even smaller subcontractors
for services such as electroplating. Some problems are endemic
because of common practices or material selections. The worst of
the problems that are common to a whole industry are those
of exposed intermetallic compounds on the surface of integrated
circuit leads. The lack of semiconductor industry sensitivity to
the need for more solderable component leads caused the industry
to be caught unaware when the requirement for reflow or solder
dip went into effect in December of 1982- As a result, half of
the solderability rejections in- 1983 mre for poor integrated 0
circuit solderability resultimr from -poorly planned reflow
processes.

The following Figures are a small representative sample of
the 133 solderability rejections from the last 7 months of 1983

that were studied and documentated in the Equipment Group
Ana lytical Laboratory.
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AS RECEIVED SOLDER TESTED

PROBLEM: Very thin tin on the as-received lead

0SOLUTION: Require a thicker tin coating over minimal
interinetal lics

7 7



AS RECEIVED SOLDERED AT 232 0 C

PROBLEM: Tin completely converted to intermetallic at the lead
edge by burn-in on a very thin tin coating.

SOLUTION: Burn-in bare leads and tin or solder coat the leads
only after cleaning off the burn-in oxides.

I'I

(1000X) E GE OF LEAD (1000X)

7o
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(l000X) PROBLEM:

Poorly solderable
substrate dewetting.

SOLUTION:

Strip and chemically
clean the leads before

solder dipping.

-Flow

~.1:7

(1000x)
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PROBLEM: Alloy 42
dewetting on IC leads
from three different
manufacturers.

SOLUTION: Solder dip
cleaned leads after
burn-in.

80
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PROBLEM:

A thin or intermittent

copper barrier over the
beryllium-copper substrate
allowed beryllium to migrate. . . • -.€ .-- to the surface and oxidize.

-' " - SOLUTION:

Test at Incoming to verify
•. - . a sufficient copper or

N- ' nickel barrier over the
-'- -.... beryllium-copper.

PROBLEM:

Intermetallic compounds

formed while firing the
enamel coating on a capacitor
with nickel plated beryllium-
copper leads and prevented
solder wetting.

SOLUTION: ..

...:- Apply the solder after the

. •. enamel firing step.

1. L.

ie ' l ~. .. ..... ... .-.
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PROBLEM:

Baking of the component
lead during the curing
of the capacitor body
caused extensive growth
of the copper-tin inter-
metallics. Thin solder
coating resulted in an
almost pure lead surface
in the top lead. Even %
very heavy solder over- %

coating is washed away
during tinning and
solderability testing.

SOLUTION:

Perform all thermal - .

processing on components
before adding the tin
or solder finish. %
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UNAGED QUARTZ CRYSTAL 24 HOUR AGED QUARTZ CRYSTAL

l"

% 0

OSCILLATOR 
RECTIFIER .

PROBLEM: Oscillator, Rectifier, Crystal dewetting due to

internetallic formation. Note the effects of aging

on solderability of the quartz crystal. 
"

SOLUTION: Tin or solder should not be applied to 
he leads i -.

until thermal treatments are complete. 
[.
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AS RECEIVED (i000x)

PROBLEM:

Tin Plate so thin that
it converts to inter-
metallic very rapidly.

SOLUTION:

Apply thicker tin plate.

TINNED (i000X)



TRANSISTOR, •

PROBLEM :

[ tin poorly with
-

f N e s .

p

LUUG

q IVk

911

Noie surfckes lead
tin porlyng with

TERMMIfluxes.
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CONCLUSIONS: "". ?

There is one major flaw in the assembly-component MIL-SPEC
system that is seriously and adversely affecting copont .;
solderability at the incoming and assembly levels. The laxity of
MIL-STD-883B in comparison with the requirements for system
quality and even the requirements of far less expensive.
components covered by MIL-STD-750 and MIL-STD-202 is presently
a major cause for component rejections. This results in
extended negotiations, parts shortages, 100% tinning, the
resultant damage occurring after the last electrical and
hermeticity test, assembly touch up and loss of reliability for
those companies with weak incoming inspection systems.

The transition to MIL-STD-883C with its more stringent
inspection criteria in March of 1984 will not close the largest
and most damaging loophole in MIL-STD-883B since RMA flux will
still be allowed for testing. Every paper on fluxes points out
one or several QPL RMA fluxes that are more active than allowed
by MIL-F-14256 and it is to the semiconductor manufacturer's
advantage to know which RM4A flux is most powerful. With the wide
range of QPL RMA fluxes available, the system manufacturers will
often be using a less effective flux on the manufacturing line I
than the IC vendors are using to test components. The system
manufacturer who is audited to verify the cleanliness of the
assemblies, and is allowed to use only QPL RMA flux, and is
expected to achieve 100% yield off the flow solder machine is at
a great disadvantage in comparison with the parts suppliers.

There is a strong drive to bring MIL-STD-883C in line with
MIL-STD-202 at a test temperature of 245 degrees C.

Although there are MIL-SPEC anomalies other than MIL-STD-883,
the MIL-SPEC system does not seem to be a large cause of
solderability problems with components other than integrated
circuits. The internal documentation system used by an
electronic system manufacturer has the potential to cause many
solderability problems by allowing the purchase and acceptance of
poorly solderable components.

In conclusi n, MIL-STD-883C must be upgraded to require use
of R (water whi-e rosin) flux for solderability testing of ICs.

The most owerful tool to correct component solderability
problems is t( reject the inferior parts on receipt and return
them immediatel to the vendor along with proof of failure And
recommended coi ective action.
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APPENDI.( A '

COMPARISON OF MAJOR ASSEMBLY DOCUME"ITS SOLDERABILrTY REQUI; E: lE':s E-)

MIL-STD-454 is an Air Force document which states in it's
Scope, "This standard covers the common requiremients t:) be us,i
in Military Specifications for electronic equipment." 1.;it- i
regards to solderability, this documents states the following in
Paragraph 4.3, "Hire and part leads, with or without ltt-Iched
terminals, shall meet the solderability requirements of Methlod
2026.3 of MIL-STD-750 for semiconductors, Method 2003.2 *,

MII-STD-883 for microelectronics, and Method 208 of MI-STD-2,.2
for other electrical and electronic component oarts."

WS6536 is a Navy document which states in it's Scope, "Thiis
specification defines the approved materials, methods, InJ 0
inspection standards for producing the quality of electrical
soldering workonanship necessary for use on guided misctilos,
aircraft, shipboard, weapons, ground vehicle equi p1o ,ent, ind
program critical ground support equipment." There a five .
paragraphs in this document which define the solderibility
requirements of the various components used. The aolicablo 0
paragraphs read as follows: Paragraph 3.3.5, "fiermina 1!3.
Terminals shall be tin or tin-lead plated or coated and shill
meet the solderability tests specified in MIL-STD-202, Method
208. Cleaning prior to lead attachment shall be rqoired."
Paragraph 3.3.6, "Wire. Solderability shall be in accordance
with MIL-STD-202, Method 208." Paragraph 3.3.7.1, "Printed ,irinci
Boards, Type 1, 2, 3. Except as specified herein, PWB design an.i
construction shall be in accordance with MIL-STD-275 anJ
MIL-P-55110, including solderability." Paragraph 3.3.8, "Flexible
printed wiring. Flexible printed wiring shall o form
MIL-P-50884 (including solderability)." Paragrap 3. 3. 10,
"Solderabilitv for external leads. External leads shall sqtisfyv
the solderability tests specified in MT1-STD-202, Method :q,
within 120 days prior to being soldered into an assem:',bl-.
Semiconductors or microelectronics whose detail speci_7-imt ?n "D
requires solderability in accordance with MIISTD-750, Jlet!i ".
2026, or MIL-STD-883, Method 2003, or modules }raving tile 1,1
requi rements of MIL-STD-202, Method 203, may be omit ed. i"
of the 120 day solderability requiremerit, component leads -I y 3
pre-tinned with a solder coating (fused hot solde- ,: c'
process to a minimum thickness of 0.0301 inch off the lead."

MIL-P-46843 is an Army docunent whichl stits in it's Sc),..
"This specification covers the production of orintei wi g
assemblies designed in accordance with >IL-SQ-275 r
MIL-STD- 1495 as applicable and corsist ing of printed wif'ir inj
boards on which separately manufactured component par 1ts i f-
mounted." The requirements stated in this docunent with rejards
to solderability are the followinj: ?irigripah 3.n.4.1,
"Solderability of component leads and wires: Component le1 ds ind
wires shall be sufficiently solderable tn meet the re uiments
of this specification cited herein. Gold plated condductors to o,?
soldered shall have the gold plating renoved by double d I n :.
using materials specified in MIL-S--j5743 or other 'nnv]ecni:l :a,
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process prior to assembly. Other leads and wires may be tinned -.> -'
prior to soldering. When required by the contract or purchase A

order, the solderability shall be tested in accordance with ETA
Standard PS-178-A or MIL-STD-202, Test Method 208." Paragraph
4.5.1.1, "Prior to release into production process, if required
by contract or purchase order, or if required to meet the
soldorability requirements of this specification including
subtier solderability specifications, each lot of components
shall be inspected in accordance with EIA Standard RS-178 or
MI ISTD-202, Method 208." Prior to February 26, 1979, the
document read as follows, "All component leads and wires shall
meet the solderability requirements of EIA Standard RS-178-A or
MIL-STD-202 Test Method 108. Test shall be performed within 30
days of production unless leads are pretinned....

MIL-S-45743 is an Army document which states in it's Scope,
"This specification covers soldering, high reliability electrical
and electronic connections with manual soldering apparatus as
applicable to guided missile and certain aerospace equipment
requiring extraordinary control of the soldering environment and
techniques. It is not applicable to general soldering
requirements." With regards to solderability it states the
following: Paragraph 3.4.3, "Solderability. All surfaces to be
soldered that do not conform to the solderability requirements of
MID-STD-202, Method 208, and all printed wiring circuits that do A%

not conform to IPC-S-801 shall be re-tinned or replated to
provide solderability conforming to MIL-STD-202 or IPC-S-801 61%

requirements as applicable.
Ar

MIL-S-46844 is an Army document which states in it's Scope,
"This specification covers machine soldering processes for %
printed board assemblies used in electrical and electronic
equipment." With regards to solderability it states the
following: Paragraph 3.4.3, "Solderability. All surfaces to be S
soldered that do not conform to the requirements of MIL-STD-202,
Method 208, and all printed wiring circuits that do not conform pe
to IPC-S-801 shall be re-tinned or replaced to provide "P*4

solderability conforming to MIL-STD-202 or IPC-S-801 requirements
as applicable.

.
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ABSTRACT:

This paper compares data from several traditional flux evaluation
tests to rank and better understand 120 fluxes that are currently
in use in American industry. A quantitative view is taken of
several normally qualitative tests, and several new tests are
performed to better understand the behavior of the fluxes and the
relationship of this behavior to the traditional flux evaluation
methods.

INTRODUCTION:

The search for the best available flux never ends, or, at least,
it should never end. The tas., is not simple for several reasons.
First, as shown clearly in the paper this group presented here
three years ago, the different lead materials seen in electronic . .

assemblies respond best to different fluxes. Second, new fluxes S
appear and old fluxes change. Third, assembly processes and
inspection criteria change. The purpose of this study was to
evaluate 120 fluxes representing a reasonable cross section of

those available in the United States, using the more common
MIL-SPEC tests and several new tests or modifications of older
tests. Objectives were to rank the fluxes for potential use
within the Texas Instruments Equipment Group or by TI's vendors
and subcontractors, and to evaluate the tests that might be used
in academic study of fluxes, qualification of individual 'luxes
for use on specific programs within the Equipment Group, and
developement of incoming tests for fluxes to be used in
production.

Although the previous paper presented by this laboratory %
demonstrated that fluxes are often more effective on some le ad
finishes than on others, this study has been limited to oxidized
copper surfaces as described in MIL-F-14256. This constraint u:av
seem odd in an industry in which bare copper surfaces are seldom.
subjected to flux and solder, but it is a reasonable starting S
place since the only MIL-SPEC relating to fluxes uses bare copper
and since this study would have been far too large if lead finish
had not been restricted. The rejection of a flux based on a test
or specification other than the one to which it is ordered can be
a very frustrating experience for both the vendor and the
purchaser. Thus, if possible, the incoming test should be taken
from MIL-F-14256.
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FLUX SELECTION:

Flux selection is simple only in a very strict envir - imont in

which the military customer severely restd'icts ,issernbly fLDI

choices. Some space programs allow only R (water whito rosin)
flux. Naval Weapons Center (NWC) and MICOM programs tend to

allow only RMA (rosin - mildly activated) fluxes. Air Force
programs often allow RA (rosin - activated) fluxes. The 4avy is
conservative because their failures tend to occur far from home

and because their equipment operates under nasty conditions. The
Army (MICOM) is conservative because Army equipment must be able
to operate under any condition in which men can operate. Air
Force equipment (and men) must lead a soft life.

Even within this strict military environment these rules may be
broken or modified. NWC has at least considered use of RA flux
on very tightly controlled programs after extensive evaluation.

The Air Force has allowed use of a non-MIL-SPEC non-rosin flux on
a specific system in which the actual PWB assembly and assembly
process \vere all designed to accommodate the active flux. In
addition to actual PWB assembly processes, every military
electronic system supplier uses components that are tinned using
very active fluxes and must be able to advise his supplie rs and

subcontractors on the best fluxes to use in tinning parts. Thus,
it is no longer safe for a military electronics supplier to
remain ignorant of the broad variety of non-MIL-SPEC fluxes
available today.

The vendors known to the Equipment Group Analytical Lab were--
asked to submit any fluxes that they wished to see evaluated for
inclusion in the study. The fluxes used by the Texas Instruments

Equipment Group were all represented. One hundred and twenty
fluxes were submitted and fully tested. Because many of these
fluxes are not marketed for military use and because the tests
designed for use with rosin fluxes are applied to fluxes that are
vastly different from rosin fluxes, the flux name and vendor are
hidden behind a code. The manufacturers whose fluxes are
included are Alpha, Cobar, Fry, Gardiner, Gyrex, Hi-Grade, Kenco,

Kester, Lonco, Multicore, RFE, and Superior. Table 1 shows the
fluxes by name and type. S

TEST SELECTION:

The impetus for this study is partly dissatisfaction with

mIL-F-14256 tests as either evaluation or incoming tests. The

wetting balance was also held in low esteem as an incoming test

because of the large number of samples usually required to obtain

a statistically satisfactory test result. However, these are the

tests that exist and have some legal sanction. It was hoped to

find some correlation between their results across the broad

range of fluxes tested. At least one quantitative test was

sought that could be used as an incoming test. To be truthful,
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ROSIN FLUXES WATER 3OLZBLE ;CS!N L' E3 .

ALPHA C00 COBAR 425 <A
GARDINER 1035 COBAR aL5-5P
GARDINER 1135 LONCO 35 -8

HIGRADE 341 RFE 2630
KENCO 240 RE 2631-5

RFE 2632-5
ROSIN MILDLY ACTIVATED FLUXES RFE 2640

ALPHA 4011 WATER SOLUBLE 4ESIN FLUXES
ALPHA 611 =...... =.= .....
ALPHA 620 ALPHA 4118
ALPHA 625 ALPHA 4242
COBAR 210-35 ALPHA 870-25
FRY RB-RMA-35 ALPHA 871-25
PRY-RB-RMA-25 ALPHA 872-25
CARDINER 1235 COBAR 353
GAROINER 1425 LONCC ZO S 2
GARDINER 1435 -CNCO 35 -S
HIGRADE 535

KENCO 313 WATER SOLUBLE ORGANIC AC:D FL-XES
KENCO 365 ....... =
KENCO 373 ALPHA 250HF
LONCO 106A35X ALPHA 850-25
LONCO 106A35XMI. ALPHA 850-33

MULTICORE 5381 ALPHA 855
RFE 201-20 FRY T760

FRY T761
ROSIN ACTIVATED FLUXES GARDINER 5117

GARDINER 5132
ALPHA 2861 GARDINER 5310
ALPHA 711 GARDINER 5425
ALPHA 711 MIL GARDINER 5735
ALPHA 711-35 MIL GYREX #1
ALPHA 711-FS GYREX #2
ALPHA 806 MIL HIGRADE 7922
ALPHA 809 KENCO 125
ALPHA 815 KENCO 147
ALPHA 815 MIL KENCO 183 -
ALPHA 816-35 KENCO 192
ALPHA 820-25 KESTER 2211
ALPHA TL33M KESTER 2331
COBAR 302-20 LONCO 3355 HB
FRY RS-RA-25 LONCO 3355-11
FRY Re-RA-25M LONCO 3355-ST
GAROINER 2035 LONCO 3366-11
GAROINER 2135 LONCO CF-430
GAROINER 2235 RFE 301-16CG
GAROINER 2425 RFE 301-26

GAROINER 2535 RFE 301-40CG
GARDINER 2635 SUPERIOR 30
GAROINER 2735 SUPERIOR 45

GARDINER 2835 SUPERIOR 50
HIGRAOE 3519 SUPERIOR 90
HIGRADE 3527
KENCO 452 ORGANIC ACID FLUXES
KENCO 465
KENCO 875 HIGRADE 2001
KENCO 882 HIGRADE 2002
KESTER 1773 HIGRAOE 2002-M

LONCO 7733 TA
LONCO 9000 SYNTHETIC ACID FLUXES
MULTICORE 366A-25 ...................
RFE 200-35 ALPHA 880
RFE 240-35 LONCO 212
RFE 501-20

SYNTHETIC RESIN FLuXES

ALPHA 4209

MULTICORE XERSIN201,

NO NAME :LJXE3

Fpy 502-35TABLE 1 SUMMARY OF FLUXES
EVALUATE"
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it. was hop,-d that the MT41rF-14256 tests would be self consistent
iiid thi t the ranking would not e)4 dependent on the wetting
bd Iinc .o.

The :4l-F-l~2.b tests prformed are listed in TFable Ii with t he4
majority tests perfo[rmed exactly is required by MII,-F-142596.
A britf expliriat on of each test listed Ln Table II follows.

T.\ThE II: MIL-F-14256 TEST:i

T E STS TEST REQUINEMENTS
, .M PNA RA

Solids Content 19% Minimum 15% Minimum
Chloride & Bromide Pass/Fail Not Applicable
Effect on Copper Pass/Fail Not Applicable

Mirror
Dryness Dry/Tacky Dry/Tacky
Spread Factor 80 Minimum 80 Minimum
Solder Pool Pass/Fail Pass/Fail
Resistivity of 100,000 ohm-cm, 50,000 ohm-cm,
Water Extract Minimum Minimum

SOLmIS CONTENT. A weighed sample of flux (approximately 6 grams)
was heated in a circulating air oven until the solvent was
evaporated. The flux was heated and weighed repeatedly until the
weight remained constant. The percent of residual solids content V
was then calculated.

SPECIFIC GRAVITiY. The specific gravity was determined by pouring
40 milliliters of flux into a graduated cylinder and measuring

the specific gravity using a Tromner balance.

CHLORIDES AND BROMIDES. A drop of flux was placed on a piece of
silver chromate test paper. The test paper was examined for a
color change which indicated the presence of chlorides or
bromides.

EFFECT ON COPPLER MIRROR. The copper mirror test was performed by I
placing 0.05 milliliters of the test flux and 0.05 milliliters of
the control flux (rosin and isopropyl alcohol) on a copper glass
slide and placing it in a 25 degrees C dust free container for 24
hours. At the end of 24 hours the flux residue was cleaned fror ..

the slide and the slide was visually examined. The test flux
failed the test if there was any complete removal of the copper
film.

DRYNESS. Th- dryness of the flux residue was determined by
placing a solder ring and 0.10 grams of flux on an oxidized
copper coupon. The samples were then placed in a 205 degrees C
ove, for six minutes. The coupons were cooled for 1/2 hour and

Pf.
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then dusted with chalk powder. The ability to removo the :hi l ..
from the surface of the flux by light brushing was an indicitimn
of the dryness.

I' ERAD FAC'P . The spread f,tor was '1n * ('t ly 1i ke t h

drnt s est wit,i the excepttion that the height ,of the soldtr
ring Was meaIsure-od ifter melting. By applying a formula whi oh
included the solder height, the percent spread factor W IS
,7 11 o la ted.

SOLDER POOL. The solder pool test was run similarly to the .%

Jrynez iod 6pi. d factor tests. The test coupon waS c leanod
copper that had been oxidized for 5 minutes at 315 deqrtes
C. The most important variation from the MIT-SPEC was in th,:
ovluation of the results. Instead of a visual inspection, i
metric planimeter was used to calculate the area of the solder
pool.

RESiSrIVrTY OF WATER EXTRACT. The water resistivity was
neasured by placing 0.1 milliliters of flux in i beaker of
distilled water. The water was heated to the boiling point and
then quickly cooled to 25 degrees C. The water resistivity was
then measured using a conductivity bridge and cell. The
resistivity was stated as the average of three tests.

Two additional non-MIL-F-14256 tests were conducted to better
quantify the activity of each flux. These" tests were the copper
dissolution and the wetting bala.,ce test. A description of each X'
test method follows.

COPPER DISSOLUTION. The copper mirror test is a pass or fail
test that does not extend usefully into the active flux region.
Therefore, a copper dissolution test was created to extend the
concept of the copper mirror test to the more active
fluxes. The test sample was a bundle of 20 mil copper wire
weighing approxima tely 3 grams. These bundles provided
:.ieasorable weight loss for active fluxes. Each pre-weighed
bundle was placed in a beaker containing 30 mils of flux. The
oticer was then covered and baked for 24 hours it 90 +,/- 5
degre,-es C. The bundle was cleaned and reweighed and the weight
loss was recorded as a percent of the total initial weight.

WETTI: G BALANCE. The last test performed was the wettinq
balance test. The wetting balance system consisted of ai Model
2000 Cahn Electrobalance set up over an Electrovert WDC flowing
solder pot. Both were attached to a TI 990 Computer and a
Printronix 300 Printer (Figure 1). The Cahn Electrobalance is I
very sensitive and low inertia instrument capable of withstandinq
the solder testing environment and providing accuracy far beyond
solderability testing requirements (1a mg full scalp). The use
of the flowing solder pot provided a continually fresh surface
that did not distort the curves. The sQlder pot was run with a
peanut oil cover. The surface. ws wiped within 10 seconds

too t
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prior to each test because it was noted that even a flowing - C
solder surface developed a thin oxide surface. The 20 mil copper
wire samples were cleaned and oxidized as described by John
Rizzo, Boeing Aerospace Company, "Evaluation of Flux Activity and .
Pot Life Using Wetting Balance Techniques," 1983 MAJC Conference.
The samples were submersed at a rate of 1 in/sec to a depth of
0.2 inch. Twenty samples were run for each flux type.

DATA TREATMENT:

The data from all tests other than the wetting balance was
simply averaged from the three tests run at each condition. The
wetting balance data from twenty samples per flux was fully
calculated for each flux and then combined for each flux.

Typical force vs time curves, reduced data and data summaries are
shown in Figure 2. It becomes immediately apparent that the only
way to manipulate such a large amount of data is with a computer.
In writing a program to summarize the force vs time curves and
reduce the data, it was necessary to identify specific points on
each curve to act as flags in the calculations. The choice of
these flag points is critical in reducing the data accurately and
uniformly. A glance at Figures 2Ar through 2E provides some
appreciation for the complexity of this programming task since
widely varying curve shapes must be accommodated.

The major sections of the force vs time curves are diagrammed in
Figure 2A and only a few words of explanation are necessary. The
wetting time (Tw) is defined as the total time from initial ,.
contact of the fluxed lead with the solder until the slope of the
curve (over 8 points) reaches an arbitrarily set value. This
value must be reached after point Io and can be changed to be
more or less sensitive to slope changes. it should be noted that
the point on the curve corresponding to the set slope is not
necessarily the same as the maximum force point. The initial
slope is the slope at which the curve passes through the initial
weight again, or Io, and is calculated over the points from Io to
Io+10. In order to get some feeling for the general shape of the
curve, the average slope was calculated between Io and Is.

A flux index was defined as the maximum wetting force divided by
20 times the time it took to achieve 50,' of the maximum wetting
force. This ratio has practical significance in that a flux with
a large maximum wetting force but long time to 507. of the force
would not be suitable for use on flow soldering lines.
Similarly, a flux that has a rapid wetting rate but only a small
maximum force would be considered unsuitable for use in flow
soldering. In both cases, the flux index value would be small.
This index proved to be sensitive enoggh to provide a unique
ranking of the fluxes. Figures 2A through 2E are examples of
typical forces vs time curves of fluxes ranging from inactive to
extremely active.
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FIGURE 2A !!
MODERATELY ACTIVE FLUX

1 --

F W Fw = Wetting Force

Fb = Buoyant
I0 Ta = Activation Time

-- - T.5= Time to Maximum Force

Fb Tw = Wetting Time

1-- I0 Initial Weight Regained.

I i j 15= : Maximum Force Point

T 5TIME

T.5.

Tw 
,

REDUCED DATA FOR SAMPLE SHOWN ABOVE:

Activation time was 0. 5750 seconds.
Wetting time was 2.3500 seconds.

Initial weight was 32. 8164 milligrams.

Maximum weight was 82. 2710 milligrams. ,n..
Minimum weight was 17.0696 milligrams.

Buoyant force was 15.7468 milligrams.

Wetting force was 49.4546 milligrams.

Wetting rates:

at initial weight was: 57. 143 milligrams per second.

average slope was: 62.255 milligrams per second.

Time to 50 % oF wetting force was 1.3750 seconds.

Rate at 50 % of wetting force was 49. 524 mg/second.
II 11 12 = 34 10 = 51 15 = 66 13 = 105

SUMMARIZED DATA FOR 20 SAMPLES:

, IIE t e r- 14AMinimum Na x 1 mum Mc d ia n Average Std _Dev Un is

Acttva t on 0. 5500 1. t750 0. 7750 0 763- 0. 1561 seconds.
Wetting time 2. 3250 8. 1750 5. 100 4 .94235 1. 81l seconds.

Wett.ng F orce 16 4' j ,50 Z 177 43. 86 5 42. 9395 7. "693 mil11gram,; %

Ououtjnt rc-0 0 1244 27 19i7 17 1673 18 7500 4. 76S milligra m';

Initial rate , '/9 7 5 7. '3?4 1? 6037 20. '2?5 17. 2_,U4 mg / sec. .N

-N, (2r a ( e r,4i.L 5 15J 5:3. VT S. & Li 2i5 1- i. :2' !?/ rc
50 , 3 z, , 3 1'.7 I t e( o s."/

~ i ': '' 2'J ~ t~7.~ ~ t 14':) Q~ -10 / ic
-U;' IN ,_," ', ! ;.: " 0 C975 1 5. ,0,5 ,g ,/ ec

... .... ..... ... .. . . .



FIGURE 2B
ACTIVE FLUX

UI

TIME

REDUCED DATA FOR SAMPLE SHOWN ABOVE:

Activation time was 0.4500 seconds.

Wetting time was 2.3750 seconds. 2"

Initial weight was 21.0867 milligrams.
Maximum weight was 68. 1562 milligrams.
Minimum weight was 15.0671 milligrams. ,M

Buoyant force was 6. 0195 milligrams.

Wetting force was 47.0696 milligrams.
Wetting rates:

at initial weight was: 41.709 milligrams per second.
average slope was: 46.203 milligrams per second.

Time to 50 % of wetting force was 1.2500 seconds.
Rate at 50 % of wetting force was 38. 681 mg/second.

Il = 17 12 = 35 10 = 47 15 = 67 13 = 112

SUMMARIZED DATA FOR 20 SAMPLES:

3r.)m 4,t rr I Miimum Ma xximum NMedian Average Std _ev Units

Activ6tion 0. 3250 0. 71250 0. 4500 0. 4.625 0. 096 5 seconds.

Wetting time 1. 7000 3. 3500 2. 4'50 2. 4350 0. 4341 seconds.

Wetting forL 30 ... 2279 41. 3475 43. 8,161 42. 5769 5. 3006 milligrams

Buou u nt f oirc 3. 7051 1. Jj330 5. 9'544 5. 9310 1. 6507 milli(rams

Init ,l rto 0. 3321 4Y 1270 40. 14,65 39. 9755 3. 6372 ma / sec.

AveragP ' 37. ," io 6 04,6 14. 1731 43. q70,_ 3. 2354 mg / .ec'
.t L. ("I I. Z2j0 2533 0. 1370 4cond s. I

50 % " *.", ' ,2', 41 0' ) ?u.i3 ,. 2fS1 3 E5,0 mn / .ec

FLU': 1' "i . ".. _ * 5 7-1 3 13960 0g / 'ec
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FIGURE 2C

EXTREMELY ACTIVE FLUX

.- p

0

TIME

REDUCED DATA FOR SAMPLE SHOWN ABOVE: 
S

****PLEASE NOTE THAT TACTIVATE IS 0. 0 **
****AND WILL EFFECT TJAJET &c T_ .5

Activation time was 0. 0000 seconds.
LWettinv Lime was 11.6750 seconds.
Initial weight was 22.4257 milligrams.
Maximum weight was 59.a778 milligrams.
Minimum weight was 22.0024 milligrams.
Buoyant force was 0. 4233 milligrams. ?wetting force was 37. 4521 milligrams.
Wetting rates:

at initial weight was: 9.963 milligrams per second.
average slope was: 28. 291 milligrams per second.

Time to 50 %. of wetting force was 0.?000 seconds.
Rate at 50 %. oF we'tting force was 35. 458 mg/second.

I 1 16 12 =16 10 = 25 15 52 13 = 83

SUMMARIZED DATA FOR 20 SAMPLES:

Parameter Minimum MaXimuJm Median Av~erage ':,td _De', Units

Act ivat ion 0.0000 0. 5000 0.12500 0." 2233 0. 1759 seconds.
Wetting time 1. 4500 3. 7250 1.9M^0 2. 1350 0. 6001 seconds.
Wetting force 33. 4554 59. 1168 39. 4031 42. 1605 7. 1140 milligramc
Buoyant farce 0.13:12 3.0769 1.1396 1.3828 0.8892 milligrams
Initial rate 8. 1074 37. 3138 21. 56373 20. 8058 7. 1377 mng / sec
Averaye rate --!. 1447 44. 3008 30. 6206 32. 3374 4. 5501 mo / sec.
30 % time 0. 8000 .5C250 1 .0250 i ,UY25 0.21A0 secunds
50 %. rate 13. 6569 46. 9061 34. 361334 33 0989 6. 8631 ma s ~ec

FLUX INDEX It '1 U1 3.9765 3 3)0 3 Umg / ec
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FIGURE 2DMARGINALLY ACTIVE FLUX

4,1.

.5.

-. 5

%. •'

TIME

REDUCFD DATA FOR SAMPLE SHOWN ABOVE:

Activation time was 1. 1750 seconds.
Wetting time was 5.4000 seconds. ,*
Initial weight was 60.0936 milligrams.
Maximum weight was 90.9401 milligrams.
Minimum weight was 16.5812 milligrams.
Buoyant force was 43.5124 milligrams. -

Wetting force was 30.8465 milligrams. ,
Wetting rates: ,

at initial weight was: 23.248 milligrams per second.
average slope was: 18.085 milligrams per second.

Time to 50 % oF wetting force was 3.6500 seconds.
Rate at 50 % oP wetting force was 8.889 mg/second.

I1 12 12 = 59 10 = 123 15 = 158 13 = 228

SUMMARIZED DATA FOR 20 SAMPLES:

Parampter Minimum Maximum Median Average Std _D v Units 
----------------------------------------------------------------------------
Activation 0.5500 1.6000 0.8250 0.9350 0.309-1 seconds
Wetting time 2.0250 6.5750 3.0000 3.7600 1.4976 seconds
Wetting force 30.1465 53.3903 43.3374 43.6516 4.2'991 milLigrams "
Buoyant Force 11.3472 49.7558 22. 3850 27.0150 ii. 5229 milliqrams
Initial rate 13. 2845 73. 16-3 37. 8998 45. 1526 19. 1105 mg / sec.
Average rate 14. 1014 70. 5800 37. 5091 46. 9153 22. 1335 mg / sec.
50 % time 1. 2750 4. 630 2. 2000 2. 5500 1 05F5 seconas.
50 % rato 3. 01fl9 60 854,% 32. 4298 06. 5030 18 99'39 mg / ec ,.-

FlUX INDLX . ?] 1 ).1 J k1 3 4 2 1 .7113 E C
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FIGURE 2E

INACTIVE FLUX

S

TIME

REDUCED DATA FOR SAMPLE SHOWN ABOVE:

Activation time was 2.1500 seconds. e
Wetting time was 3.7000 seconds.
Initial weight was 74. 4566 milligTams.
Min(m weight wa.' 43.0036 mill.grams.
Minimun weight was 13.9438 milligrams.
D uuq ant force was 60. 5128 milligrams.
Wettirg force was -31.4530 milligrams.
Wetting rates:

at initial wight was: 9999.990 milligrams per second. N

average slope was: 9999. 990 milligrams per second.
Thme to 50 % oF wetting force was +9.9999000000000e+002 seconds.
Rate at 50 % of wetting force was 9999. 990 mg/second.

I 13 12 = 99 10 = 160 15 = 159 13 = 161

SUMMARIZED DATA FOR 20 SAMPLES:

Parameter Minimum Maximum, Median Average Std Dev Units

Activation 1. 3500 2. 5750 1. 7500 1.8200 0.2749 seconds..
Wetting time 3. 7000 9. 6250 8. 7750 8. 3588 1. 5682 seconds.
Wetting force -31.4530 28.8809 10.6797 7.0549 15.6425 milligrams
Buoyant force 32.6902 63.0443 55.6573 53.0463 8.4212 milligrams *

Initial Tate 3. 9072 9999.9900* 10.4518 3505.4470 4889.4977 mg / sec.
Average rate 4. 1514 9999. 9900* 9. 2796 3505. 3616 4889. 5617 mg / sec.
50 % time 4. 7500 999.9900* 7. 7750 305.2095 466.6577 seconds.
50 % rate 1.4652 9999.9900* 6.9353 3004. 1142 4698.8541 mg / sec.

S

- FLUX INDEX # -0. 6622 0. 0029 0. 1374 0. 0023 mg / sec.

*DEFAULT VALUE. INITIAL WEIGHT NEVER ACHIEVED.
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INDIVIDUAL TEST RESULTS:

The following paragraphs summarize the results of the individual
tests that were performed. No attempt is made in this section to
correlate the data of one test with that of another. Data
correlation will be addressed in the next section. All test
results ire summarized in Appendix A.

DRYNIESS. Although a MID,-SPEC requirement, this test has little
practical significance for manufacturers assembling PWF3s which
must pass stringent cleanliness requirements for removal of flux
residues such as WS6536. This dryness test would be of greater
interest to commercial manufacturers who might wish to leave the
residues on the PWBs.

CHLORIDES AND BROMIDES. The MID- SPEC requirement concerning
chlorides and bromides is only applicable to R and RMA fluxes. 6
These fluxes are allowed to show no evidence of chlorides and
bromides being present. All of the R fluxes tested passed this
test. However, of the 18 RMA fluxes tested, only 9 passed and 2
of the fluxes that failed this test are currently QPL approved.
Not surprisingly, only 3 of the 36 RA fluxes passed this test,
and no organic acid, synthetic acid, synthetic resin, water
soluble rosin or water soluble resin fluxes passed. It is worthy
of note that 3 of the 32 water soluble organic acid fluxes did
indeed pass. It would appear that the majority of fluxes
available (with the exception of R fluxes) contain chloride or
bromide activators, regardless of the flux type.

RESISTIVITY OF WATER EXTRACT. The resistivity of water extracts • Pr

for R and RMA fluxes must be at least 100,000 ohm-centimeters and N
at least 50,000 ohm-centimeters for RA fluxes. Again, all of the .F
R fluxes met the MIL-SPEC requirements. One of the 5 QPL
approved RMA fluxes failed this test and in general 6 of the
fluxes classified as RMA by their manufacturers failed to meet
the 100,000 ohm-centimeter minimum. All of the QPL approved RA
fluxes that were tested passed, but in general only a third of
the RA fluxes were able to meet the MIL-SPEC requirements. The
remaining fluxes (water soluble organic acid, organic acid,
synthetic acid, water soluble resin, water soluble rosin and
synthetic resin) were all well below the 50,000 ohm-centimeter
minimum resistivity limit of the MID-SPEC.

EFFECT ON COPPER MIRROR. Flux types R and RMA fail MIL-SPEC
requirements if they cause any complete removal of the copper
film on a copper mirror. This requirement does not apply to RA

fluxes. Of all the R and RMA fluxes tested, only one RMA flux

removed the copper film (and it was not QPL approved). By

contrast, the large majority of the other flux types tested

failed this test. It seems that this test would be a good tool
for identifying type R and RMA fluxes.

DISSOLUTION OF COPPER. This non-MIL-SPEC test was devised as a
quantitative version of the copper fnirror test. There is a

1
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general correlation between the two tests. Although there are
V ~wide variances within a given flux type, the fluxes that failei

the copper mirror test usually showed faster copper dissolution
rates. in general, the acid fluxes dissolved significantly m:ore
copper than other flux types and the average dissolution rate for
the remaining rosin and resin fluxes (excluding type R)
were roughly similar.

SOLIDS CONTENT. The MIL-SPEC requires a minimum of 15 percent
solids by weight for R, RMA and RA type fluxes and only 7 of
these fluxes failed to meet this requirement. Of these 7 that
failed, none were QPL approved. The non-MIL-SPEC flux types were

divided equally between those that had at least 15% solids by
weight and those that did not with the proportion remaining
fairly constant within flux types.

SPECIFIC GRAVITY. Although not specified in the MIL-SPEC, this
test is the one most commonly used at Texas Instruments as
a process control tool on the flow soldering line. The water
soluble organic acid fluxes showed greater varianco
between fluxes than did the other flux types but, in general, the
specific gravity values for the various flux types vere centered
around 0.15-0.17.

SPREAD FACTOR. The MIL-SPEC establishes a minimum spread factor
of 80 for R, RMA, and RA fluxes. Obviously, this requirement is
easily met with all types of fluxes since only 3 of all those
tested failed, and even the failed fluxes had spread factors of

(# 75 or greater. The majority of the fluxes had spread factors
between 90 and 95. The photographs in Figure 3 illustrate the
vastly different appearance of the various coupons after the
test. Although the test was designed for rosin based fluxes,
many of the water soluble acid and resin fluxes performed well.
The microsections shown in Figure 4 demonstrate the relative
fluxing ability of an R, RMA and RA flux quite dramatically as
evidenced by the wetting angle of the solder at the copper-solder
interface. Extreme cases of non-wetting are shown in Figure 5.

SOLDER POOL. The solder pool test outlined in the MIL-SPEC is -1
qualitative test which was modified to obtain a quantitati\e %
comparison of the fluxes. As expected, the area of the solder
pool was smaller for R type fluxes with a median value of 81
millimeters squared. The remaining flux types had median values
near 140 millimeters squared except for the organic acid fluxes
where the median area was 273 millimeters squared. The variance
between fluxes within a type group were greater than the
variances from type to type, therefore, it would be hard to
distinguish between flux types based on this test.

WETTING BALANCE. This is the best quantitative tool for
comparing fluxes. The advantages of this test over other methods•
include the use of precise instrumentation sensitive to small
variations between fluxes, computerized data gathering and
manipulation, and the fact that the test does relate to so::ie
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degree to the assembly soldering process. The drawbacks of this
testing are the large sample sizes required for repeatability and
the caution that must be exercised in using a computer to
manipulate data from very dissimilar traces. The data for
individual fluxes was reproducible and was handled withuut
trouble by the computer program. Many refinements to the prograi
were required to be able to handle the broad range of curves seen
from the slowly acting R fluxes to the very fastest water soluble
fluxes. The chosen flux index proved to be an excellent way to
combine the wetting speed and wetting force into one index that
accounted for the fact that some fluxes wetted very quickly to
very low maximum wetting forces while other fluxes wetted to high
wetting forces but did so very slowly.

Figures 2A through 2E are summarized in Table 3.

TABLE 3

INACTIVE MARGINALLY MODERATELY ACTIVE EXTREMELY

-ACTIVE ACTIVE ACTIVE

INDEX .845 3.597 3.765 4.161
Ta 2.15 1.175 0.575 0.450 0.000
Tw 3.70 5.40 2.35 2.375 1.675
Ts ---- 3.65 1.375 1.25 0.90
Fw -31.453 30.8465 49.4546 47.0696 37.4521
Fb 60.5128 43.5124 15.7468 6.0195 0.4233
Mave 18.085 62.255 46.203 28.291
MIo ---- 23.248 57.143 41.709 9.963
MIs ---- 8.889 49.524 38.681 35.458

As illustrated in Table 3, the various slope measurements do not
reflect the relative activity of the fluxes and appear to be
greatly influenced by the specific points used to calculate the
value. It is interesting to note that while the wetting force
does not follow a trend from inactive to extremely active fluxes,
the buoyant force does follow this trend. The various time
measurements all show good correlation with flux activity with
the possible exception of wetting time. As discussed earlier,
the point on the force vs time curve at which the Tw measurement
is made is determined by a change in the slope of the curve. The
curve of the inactive flux, although relatively constant in
slope, does go through an inflection point great enough to
trigger the Tw measurement. In this case, the Tw value for this
flux is falsely low. The index described earlier proves to be a
sensitive measure of flux activity and correlates precisely in
Table 3.

TEST CORRELATION EVALUATION:

Correlation between the various types of tests is general
and reveals only the most obvious of trends. Figures 6A-I are
the summaries of the tests performed in this study.
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The extreme variation in performance within the flux type
groupings points out the lack of correlation of most properties
within flux types. It may not be assumed that a very corrosive
flux is any better than a far less corrosive flux if the ability
to wet a given lead is the criteria for acceptance. Table 4 is a
summary of the performances of the various types of fluxes. Only
the most general of trends may be seen, and the data spread
within each flux type generally exceeds the data spread of the
median values for every type tested.

It is clear from the summarized test data that the wetting
balance test is the only test useful for ranking purposes. The
MIL-SPEC tests then allow the fluxes that perform best in the
wetting balance tests to be evaluated to see if they meet
the requirements of MIL-F-14256. Table 5 shows summary data of
three fluxes currently used at Texas Instruments as well as a
flux which out performed the majority of samples tested. As can
be seen from this Table, Alpha 620 meets the requirements of an
RMA flux as specified in MIL-F-14256 and yet still ranked as one
of the best fluxes evaluated. This flux is much more active than
our currently used RMA flux and even performed better than our
presently used RA flux. Comparing the results of the solder pool
test, Alpha 620 was the best of the RMA fluxes with only 5 of the
120 fluxes performing better in this test. The wetting balance
test provided the most revealing comparison of these fluxes. Of
the 31 RA fluxes tested only 2 performed better than Alpha 620
and of the 55 non-rosin fluxes tested. Alpha 620 out performed
half of the samples.

Table 5 is a summary of the nine tests performed during this
study and indicates the wide range of value obtained for each
flux type.

TABLE 5: REPRESENTATIVE MILITARY FLUX PERFORMANCE COMPARISON

FLUX WETTING PERCENT C1 SOLDER PERCENT COPPER WATER COPPER
TYPE INDEX SOLIDS Br POOL SPREAD MIRROR EXTRACT CONSUMPTION

R 0.02 P P 99 93 P 222,333 .01
RMA 2.0 P P 180 97 P 156,000 .05
RA 3.4 P F 160 95 F 53,833 .03
*PMA 4.2 P P 277 97 P 125,000 .05

*Alpha 620

CONCLUSIONS:

The wetting balance test is the only test among those studied
that is a worthwhile tool for quantitative evaluation of a flux
or for an incoming test measuring fluxing effectiveness.
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An index consisting of the wetting force above the initial (or
zero) force divided by 20 times the wetting time to the firstmaximum was found to be an excellent index for comparing the

fluxing ability of electronic assembly fluxes.

The tests in MITL-F-14256 are not good measures of the ability of
d flux to induce solder wetting of a lead. They are only tests
of confurmance to a MIl-SPEC.

FUT'URE WORK:

Two studies must follow this work. The first study is a
repetition of the wetting balance study on thp lead materials in
com:,ion use in the electronics industry. The second study is that
of correlation of wetting balance data with flow soldering data
for selected fluxes.
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Mr. DeVore is a Senior Metallurgist for the General Electric
Electronics Laboratory. He has been on the laboratory staff
for 25 years. Mr. DeVore graduated from the Michigan Techno-
logical University in 1959 with a B.S. in Metallurgical
Engineering.

Mr. DeVore's major work is failure analysis and all aspects of
soldering and solderability. Emphasis has been placed on
defining the basic mechamisms related to soldering.

THE MECHANISMS OF SOLDERABILITY
AND SOLDERABILITY RELATED FAILURES

Introduction

In today's manufacture of electronic equipment, the philosophy is to do it right the
first time. This has been proven to be not only the most cost effective way to
produce hardware but also the way to the most reliable hardware.

A major impact factor to doing it right the first time is the solderability of
component leads and printed wiring boards. Poor solderability results in questionable
rework which adds cost and detracts from reliability.

Solderability is defined as the ability to solder easily. In more scientific terms,
this means that full metallurgical wetting must be complete within the time of the
soldering operation (hand or machine) which is usually 1-3 seconds. In order to
assure that solderability is high it is necessary to understand both the mechanisms of
both good and bad solderability. This understanding can then be used to correct
solderability faults properly. Properly because the cause is attacked and not the
symptom.

There are only three basic mechanisms of solderability. These are wetting, non-wetting
and dewetting. This paper will describe each in both scientific and lay terms giving
typical symptoms and causes. Based on this information and the use of a technique "'ft

described in a prior paper', it is possible to describe corrective action. 0

6
Wetting

The first mechanism to be described is wetting. Since better than 99% of the solders
(based on annual tonnage) used in the electronics industry are either tin based or tin
containing, the discussion will be held to these alloys. Non-tin containing alloys
will follow the general reactions but will be different in reaction rate and reaction
product composition.

Wetting as related to solders is a metallurgical reaction process. It results in a ,4,
smooth layer of solder which is firmly adherent to the base metal. Figure I shows a %.

well wet base metal surface. Very few defects in the solder surface are seen at this
magnification.

While the surface appearance gives some indication of whether the base metal is well
wet or not, it does not describe wetting in the way which results in understanding of
the mechanism. This is better shown in a metallographic cross-section such as shown
in Figure 2.
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Figure I - Surface of well wet base Figure 2 - Metallographic section uf well
metal. wet surface (BSE image).

The photograph shows copper on one side of the interface and solder on the other side.
At the interface is the metallurgical reaction product formed when the molten solder
contacted the copper. It is composed of two materials known as intermetallic com-
pounds. These compounds are Cu3Sn (nearest the coppeand Cu6Sn5 (nearest the solder).
Their rate of formation is exponential with respect to temperature and approximately
linear with respect to time. The compounds can form by solid state diffusion. The
rules of formation are similar to those governing liquid-solid reactions. Tin forms
similar compounds with other base metals such as nickel and iron as well as their
alloys.

In order to have good wetting intermetallic formation must be fast and complete.
Therefore, the interface must be clean at the time of formation and must stay clean
during formation. If this clean condition is not met, then one of the other two
mechanisms of solderability will rule.

Non-Wetting A.

Non-wetting is the simplest of the two mechanisms contributing to poor solderability.
It is the opposite extreme from wetting and results from the presence of a physical
barrier between the base metal and the solder. Figure 3 shows a photograph of non-wet p
area on copper. The dark areas are the non-wet copper. The base metal has been
exposed and there has been no intermetallic formation. The solder shows a negative
wetting angle which is characteristic when the non-wetting mechanism is operating.
Without intermetallic formation, there can be no wetting.

A similar non-wetting can occur on the surface of an alloyable coating on the base
metal if it is resistent to the fluxes used or the soldering conditions. Such things
as epoxy deposits or oxide deposits, especially on gold, will cause this type of
defect.

Dewetting
Dewetting is the least understood of the solderability mechanisms. Wetting and non-
wetting are the two extremes of solderability. Dewetting is a mechanism which

represents all the shades of gray between the two extremes.
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Visually, dewetting is most often manifested by the solder on the surface pulling back
into irregular mounds. In reality, this pulling back can vary from barely observable
to that where the base metal is almost exposed between the mounds. Modern solderabil- ,',A
ity specifications treat dewetting as a single condition and do not provide any
guidance as to where the mechanism, if operating, will begin to affect solder joint
quality.

loll'

Figure 3 - Non-wetting. Figure 4 - Mild dewet surface.

Figure 4 shows a surface which is mildly dewet. At this level, the dewetting is not ILL

usually visible under normal solderability inspection magnifications.

In 1973, work in our laboratory resulted in the definition of the mechanism causing
dewetting2 . This has now been fully proven and expanded to cover all degrees of de-
wetting.

All dewetting is the result of gas evolution during exposure of the part being
soldered to molten solder. The sz rce of the gas is the thermal breakdown of organics
or the release of water of hydration from inorganics. A common component of these
released gases is water vapor. Water vapor at soldering temperatures is highly oxi-
dizing and results in either oxidation of the surface of the molten solder film or of
some subsurface interface, typically the intermetallic surface at the molten solder
interface.

Figures 5 and 6 show the effect of this gas release on the mildly dewet surface. The
voids shown are typical of all dewet surfaces.

Greater amounts of gas release will result in more voids and exposed intermetallic.
Figures 7 and 8 show a middle range dewetting condition. At this level, it is easily
visible during solderability examination.

The degree of dewetting is dependent upon the amount of gas released, the composition %

of the gas and the location of the gas release. The greater the amount, the higher in
water vapor and the deeper the location of the contamination, the more severe will be
the dewetting. Small amounts of gas released from a surface film or from co-deposited
organics in an alloyable coating will result in slight mounding with evidence of gas
release. If the dewetting causing gas release is from the co-deposited organics in
the base metal or from heavily embedded particles in the base metal, then dewetting
will be more severe in that the surface of the intermetallic will be oxidized as well I

as the surface of the solder film. Once the intermetallic is oxidized, it will become

12 6
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Figure 5 - Mildly dewet surface. Figure 6 - Detail of gas voids
in mild dewetting.
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Figure 7 - Moderate dewetting. Figure 8 - Gas voids in moderate
dewetti ng.

a non-wetting surface and will be exposed. Gas released from heavy co-deposited organ-

ics in an alloyable coating can also result in passivation of the intermetallic sur-
face.

It has often been observed that higher soldering temperatures and longer dwell times

result in more severe dewetting. This most often happens when the source of the gas

release is from the base metal. The increased reaction rates produce a more vigorous

release. The longer dwells increase the release time. Both result in an increased

release volume.

12 7
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Effect of Solderability Mechanisms on Solder Joints

The mechanisms of solderability have a significant effect on the properties and visual ny.-
appearance of solder joints. Obviously, full wetting is the desired operating mechan-
ism. With full wetting, a solder joint will have its maximum properties (strength,
fatigue resistance, electrical conductivity, etc.) and best appearance (positive, low
contact angles). Non-wetting and dewetting result in reduced properties and poorer
appearance.

Non-wetting produces the most significant effect on solder joints. With non-wetting,
there is no bond between the solder and base metal. This reduces the effective
soldered area. Entrapped non-wet areas are classed as a film defect with small radius
ends. These are very detrimental in fatigue environments as they represent strong
stress risers.

The effect of dewetting on solder joints is directly in proportion to the degree of
dewetting. Severe dewetting can result in property reduction similar to non-wetting 0

as the defects in the joint are similar. Mild dewetting may have little reduction in
properties over a fully wet joint. In addition, due to its mechanism, results in gas
voids in solder joints. The amount and size of the voids is again dependent on the
degree of gas release. The effect on properties is mainly in fatigue resistance.
Voids act as stress risers and may reduce fatigue life by at least one-half.

Detection of Operating Mechanisms

The basic methods used to detect the operating solderability mechanisms are soldera-
bility tests. Using visual or optical criteria to determine the mechanism is relative-
ly easy for full wetting and most non-wetting conditions. Non-wetting on base metals
which have the same color as solder is sometimes difficult. Nickel and nickel-iron "*
alloys are good examples of these. The wetting balance shows non-wetting easily as a -

reduced wetting force. Since a full intermetallic is developed under both wetting and
dewetting conditions, the presently used criteria do not work very well. Both condi-
tions result in a short wetting time and a high wetting force. Visual examination
must be used to see if the surface dewet.

Lack of knowledge of the dewetting mechanism has prevented using the wetting balance to
its full potential. Previous attempts to use the method to define dewetting has failed
due to a misconception of the dewetting mechanism or an inaccurate view of it. It is
felt that this has been due to trying to match curve indications to the symptoms rather
than the actual cause3.

In the wetting balance test, wetting time is based on the ease of intermetallic forma-
tion. The major input to wetting force is the height of the meniscus which is based
on the degree of wetting. Since dewetting is based on gas evolution, neither of the
above indications relate to the mechanism. The closest relation to the mechanism is

the condition of the meniscus in terms of surface tension. This is best measured at
the time of sample withdrawal when the meniscus is fractured. The gas evolution and
release which causes dewetting also causes oxidation of the meniscus surface. The
worse the oxidation, the higher will be the withdrawal force. The gas release can
also be seen in the curve, especially in the area of the knee. This is manifested by
an uneven curve. It is not, however, as good an indication as the withdrawal force.
Figure 9 shows a normal curve from a sample with full wetting. Figure 10 shows a curve
from a sample which mainly exhibits dewetting.

Based on knowledge of the mechanisms of solderability and of the wetting balance, it is '
possible to use the instrument and describe the solderability characteristics as a

single number. Using the formula Wetting Force @ 2 sec Wetting Time, all three/
End Point Force

mechanisms can be described for a sample. It has been our experience that a resultant

number of 5 or 6 represents minimum good solderability. This is based on a wetting
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time of 0.6 sec, a wetting force at 2 seconds ofd 275 MN/M and an end point force of
100 MN/M.

+ -r

Figure 9 - Wetting balance trace Figure 10 - Wetting balance trace showing

IN showing good wetting. effect of dewetting.Summary

1. There are three basic mechanisms of solderability. These are wetting, non-wetting
and dewetting.

2. Wetting is the result of clean molten solder contacting a clean base metal. This
results in a metallurgical reaction which goves a continuous, unbroken intermetal-
lic compound bond between the two.

3. Non-wetting is the result of the presence of a barrier which prevents solder from
contacting the base metal. No metallurgical reactions result between the solder
and the base metal.

4. Dewetting is the most complex of the solderability mechanisms. Dewetting occurs
in all degrees dependent on the amount and composition of the gas evolution and
release. The results of the dewetting mechanism operating can be seen visually
as solder pullback. However, in its more mild forms, it is difficult to detect
visually and is best detected by the use of the wetting balance.
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Some Component Lead Solderability Issues

by
R. N. Wild

International Business Machines Corp. '

Owego, NY 13827

Eighth Annual Soldering Technology Seminar

Navy Weapons Center %W

China Lake, CA

ABSTRACT

This paper will discuss some serious component lead solderability and IC solder
joint degradation problems that were shown to be related to inadequate
specifications and manufacturing controls of component lead plating parameters.

Over the last two years, the above solderability and solder joint degradation _
problems have led to extensive work in trying to better understand component
plating and solderability issues as they relate to both military manufacturing and
reliability. This included various solderability evaluations and a series of tests
relating various component lead finishes to manufacturing defects.

These evaluations have shown that many of these basic solderability problems are I
related to:

" Inadequate or inconsistent lead cleaning and plating parameters.

* Extensive, and in some cases, inadequate component burn-in and tin reflow
procedures.

" Excessive and/or inadequate component storage parameters by both
manufacturers and users.

* Weak and/or conflicting DoD specifications.

* Reluctance of many users to return defective parts to manufacturers.

We believe that many of these problems can be reduced by pretinning components 'A
leads as a final component finish and by requiring components to meet much more
critical plating and solderability tests than presently required.
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1.0 INTRODUCTION

Many erratic and persistent component solderability problems over the last several

years have resulted in IBM Owego pretinning nearly all incoming components to %

improve both component shelf life and to reduce solderability problems during
hardware assembly. This pretinning, although expensive and time consuming,
appeared effective in overcoming most plating and solderability problems, including

plating outgassing problems found with bright tin platings and some other matte tin
plating deposited with improper processing or bath controls.

--

2.0 EXPERIENCE AND HISTORY

A review of our component procurement, testing and pretinning (solder dipping) -

practices was initiated approximately two years ago due to experiencing an

increasing amount of component lead solder delamination (flaking) being found on
some military IC flatpack leads after pretinning and forming of the flatpack leads
for surface mounting of the components (Figure 1).

Na,'

. . o. '..

Typical Formed Leads Tipical Leada EY.L;b;.s Flaking
No Flaking

Figure 1. Solder Flaking from IC Flatpack Leads

The severity of solder flaking was found to vary from one IC (flatpack)
manufacturer to another, and from different date codes of a manufacturer. An
increase in thickness of the solder coating (or the tin plate on the leads), or a

reduction in the radius of the lead forming bend also increased the propensity for
flaking of the lead coating. The as-received tin plated leads would also flake on

lead forming, but not as severe as the thicker and stronger SN63 solder dipped

coatings.

Yost of the components cvhibiting flaked leads were originally acceptable to the

applicablE military specifications for both solderability and plating adhesion.
There were some dewetting problems in the areas of worst case flaking; however, our

primary concern with the flaking of these leads was the mechanical strengths of the
surface mounted solder 4oints. Subsequent analysis showed a substantial strength

reduction with some of these solder Joints which required corrections.
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Briefly, the basic cause of the flaked and weak component lead conditions [1] was
found to be related to inadequate component tin plating parameters, where there was
excessive co-deposition of plating organics in the tin plating and at the tin to
Alloy #42 component lead interface. Component aging at high burn-in temperatures
with these entrapped plating organics degraded the tin plate to Alloy #42 interface
bond, probably by diffusion reactions (Figure 2).

Typical Surface Analysis:
X 1) Substantial carbon, some tin, little evidence of oxidation

X (2)  2) Carbon, then Tin-Nickel-Iron (intermetallics) separated
from lead surface)Plating or

Solder Coat Note: o Carbon, not oxidation was major contributor

to weak lead to solder interfaces
(Three major suppliers)

o Metallographic analysis cannot resolve defects
on unformed lead irterfaces. Thin non-uniform
intermetallic layer, found on weak leads.

[Weakest joints shows darker lead surface in flaked area. Also

Lead with Flaked Coating Lanalysis shows highest carbon content on weakest leads. j

Figure 2. Microprobe and Auger Analysis - Weak Lead Interfaces .

3.0 COMPONENT SOLDERABILITY ISSUES

Solderability is a difficult property to measure and to define accurately. The
major purpose of solderability testing is to determine how well the lead or metal
is wetted by solder with the major goal being to determine whether or not proper
solder joints can be made in manufacturing. The present cost of touch-up or rework
of defective solder joints in industry, due to various solderability problems, is
considered extremely expensive. Maintaining proper solderability of components and
boards on the manufacturing line is also becoming very important, especially with -,
the goal of both the military and many manufacturing groups in obtaining "0" defect
solder joint defects dnd the trend in industry toward automation of the various -.

manufacturing lines, especially soldering operations.

As previously mention., these solderability issues are difficult enough without

having various conflicting military solderability specifications that the
manufacturers or users must meet (Table I). The test parameters of the three most
commonly used solderability specifications (Table II) show conflicts in test I
temperature, flux type, artificial aging and degree of acceptable solder coverage. JAI

DoD is presently trying to standardize to a single specification as shown in ';

Table II. We generally support the proposed DoD solderability specification (Table
II) except for the recommended use of an "RMA" flux, which we strongly believe
should be an "R" type flux so that actual solderability of the part is determined,, "

not that the part is made solderable by the use of more aggressive RMA fluxes. We
also urge the use of a more realistic artificial steam aging test [2] so that -

military users can be assured of maintaining an acceptable level of solderability
after a reasonable period of time in storage prior to use on the manufacturing
line.
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Table I. Five Solderability Specifications in Effect "-i

Specification Type Hardware ,

1) MIL.STD-202F (Army) - Electronic - electrical component/
parts

2) MIL-STD750C (Navy) - Semiconductors L

3) MIL.STD.883 (Air Force) Micro electronics

4) MIL-STD-1311 - Electronic tubes

5) MIL-STD.1344A - Electrical connectors

10

Table II. Some Specification Comparisons 1)
I)

Specicatons MT0202 Z T70 T.8

*Temperature 'C 0SC 2300 to 260 *C ± 5 *C 260 ± IOC
*Flux Fit RA or RMA

* Aging 1 hr steam Optional I hr steam
* Coverage (0/o)95 90 90

Notes: 1) All have insertion and retraction rates of 1.0 intsec, dwell time of 5.0 :

0.5 sec

2) Wire can use RMA flux

3) New OD proposed solderability standard would be:
* Temp. - 245*C "
* Flux - RMA (strongly believe should be -R- flux)
* Aging - 1 hr steam (strongly believe should be 12 to 24 hour aging) t
* Coverage - 95%

4.0 SOLDERABILITY TESTING

As a result of the previously mentioned solderability and lead flaking problems, an
internal solderability task group was assembled to address the various
solderability issues in Owego. These included:

" Implementation of more critical and more accurate Receiving and
Inspection solderability testing with strong efforts made to return
defective product to the procurement source.

" Working with component manufacturers to more clearly define or impose

more stringent procurement limits on component lead finish and
solderability requirements.

Optimization of both pretinning and component solderability rework

parameters.

,* Providing guidelines for both component handling and storage

environments.
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9 Working with the military on optimization of component plating and
solderability specifications.

4.1 RECEIVING AND INSPECTION SOLDERABILITY TESTING

Solderability testing in Owego has been improved substantially by; 1) extensive
personnel training sessions, 2) use of semi-automated test equipment, and 3) by the
use of clear guidelines on both solderability test methods and accept/reject
criteria. We found that close support by various groups was necessary in order to
maintain this consistent and accurate solderability testing.

We conduct solderability testing to the applicable military solderability
procurement specification (Table II), but in addition we have been testing to the
new proposed DoD solderability specification, except that we use "R" flux in place
of RMA flux. We have also been gathering data on the IPC recommended 24 hour steam
aging test [2] that is designed to be more representative of one year component
aging. An example of this solderability testing is shown in Table III. This table
shows accept/rejects for some typical components over a four month time period.

Table Ill. Some 1983 Solderability Test Data ( 1 )

(Receiving Inspection)

[ype Components Rejects(2)
I RejectsI Orders I Percent

Resistors 18 742 2.43* Capacitors 4 368 1.09Diodes 12 132 9.09 

* Transistors 10 134 7.46
* IC flat packs (3) 113 641 17.63
* IC DIPS 21 185 11.35
• Hybrid circuits 6 112 5.36

Summation 184 2314 Z8%

Notes: 1) Solderability test parameters:
* Temp. = 145*C
" Flux = R
* Coverage = 95%
* Aging = none

2) Rejects with 24 hour steam aging was 24.8%
3) Early 1983 rejects were averaging 43.3%

The most significant solderability problems were found to be ICs, diodes and

transistors. Poor results with the present tin reflow requirements of MIL-M-38510

were a significant contributor to the solderability problems with ICs (more

discussions on this subject will follow). Overall solderability rejects showed an

average of about 8.0 percent which is considered very high for efficient

manufacturing of military product.

As shown in Table III, total solderability rejects with the IPC task group

recommended 24 hour steam aging test was about 25 percent. This, I believe

indicates marginal solderability with a substantial portion of incoming components.

This would provide doubt on the storage life capability of those components

rejected to this aging test.

Our extensive effort to return defective parts back to the procurement source is

showing benefits. An example is IC flatpack (Table III) which was averaging over ...

40 p-rcent rejects earlier this year. With component manufacturing corrections,

rejects are now down to about 18 percent with further improvements expected as the
marginal product is used up. Similar improvements would be expected with most
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components if the component users would be more diligent in returning problem
components back to the procurement source. There is essentially few or no real
incentives for the component manufacturer to correct or maintain tightly controlled .,
plating or solderability parameters if the users use or correct this defective
product.

4.2 PLATING OUTGAS TEST

A tin reflow outgas test (Figure 3, Reference I and Table IV) implemented in Owego
to detect excessive entrapped component plating organics, shows that about
3.0 percent of tin or tin-lead plated components still exhibit what we consider to
be excessive plating organics that can contribute to both component solderability
and storage problems [1,3] and to the weak solder joint problems discussed in
Section 1.0. These plating conditions should not be considered acceptable for

military product. MIL-M-38510 presently sets a maximum organic limit for platings
to be 0.05 percent carbon. An accurate measurement for carbon limits is generally
done by combustion carbon analysis. Controls on carbon content must apply to all.
DoD plating specifications.

FMicroscope 1

Most gasseous reactions are at thei . eadin edge(melting wave front)""

-20 watt iron
-625F tip temperature
- No solder or flux

Figure 3. Tin or Tin-Lead Plating Outgassing Test

Table IV. Tin and Tin-Lead Plating Outgas Test
'%

Four months test results

- 40.0% no test (gold plate, tin reflowed, etc.)

- 25 .6 % shows slight outgassing

- 3.2% shows medium outgassing

- 0.2% shows severe outgassing

r Notes: 1) Outgassing is determined by rellowing tin plate and .,

!-N % observing outgassing eruptions at 20x magnification
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Combustion carbon analysis would be difficult for some manufacturers due to a lack
of proper equipment. The plating reflow test as conducted by Owego is very rapid
and simple to conduct; however, results are subjective and to a degree operator
dependent. A better test to establish the organic limits in both tin and tin-lead
plating, especially for plating lines may be the organic detection test defined by
D. A. Luke of LeaRonal (UK) Limited (3]. In brief, the test is as follows:

" Plate a sample of deposit onto a stainless steel plate and remove the
non-adherent foil. Wash and dry the foil and weigh.

" Fuse the tin or tin-lead alloy in glycerol at about 200*C (for a
few seconds).

* Wash, dry and weigh the resultant bead of tin or tin-lead and calculate
occluded organic matter as a percentage of weight loss.

Note: D. A. Luke of LeaRonal has established a weight loss limit of 0.1% to
represent a properly controlled plating process that should not exhibit
solderability or storage problems.

This LeaRonal organic plating limit test may be valuable for inclusion in
MIL-M-38510 to help control plating parameters.

5.0 Component Lead Finish Effects

This series of tests was conducted to relate various component lead finishes to
actual manufacturing defects on a military line. A very large number of the test
components were provided by two major IC manufacturers (about 4000 parts with
different lead finishes) and a portion from in-house stock. The .omponent lead
finishes included:

* Tin Plated Leads ONLY

* Tin Plate and Burned-In Components

* Tin Plate and Reflowed (per MIL-M-38510)

* Pretinning of Above Conditions (by Owego)

* Pretinning by IC Manufacturers

The test matrix included about 18,000 flatpack solder joints and about 25,000 DIP
solder joints. Typical hardware (Figure 4) were assembled with above special
components using set identical soldering parameters for all components with no
corrections provided for the different lead finishes. Again, this evaluation was
to establish effects caused by the different lead finishes only, thus great care
was taken to insure proper solderability of the multilayer board (MLB) assemblies
and to ensure there were no changes in processing with the different assemblies. %

5.1 Pretinning Procedures

The pretinning (solder dipping) procedure used by Owego (Table V) on supplied ICs
was the same type robotic tinning procedures used on the manufacturing line. These -

tinning procedures provided a smooth continuous solder coating on the IC leads J,
which was suitable for the specific soldering applications.
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a) Typical dip page assemblies (-50 pages) assembled
using standard wave soldering techniques

b) Typical flat pack page assemblies ( -19 pages)
assembled using robotic reflow soldering techniques

Figure 4. Special Test Assemblies

Table V. IC Pretinning Parameters

0 Solder: Eutectic 63/37 SnPb

* Solder temperature: 495°F :t 100 F (2570 C)

0 Solder pot parameters: Dynamic solder wave

* Flux: Alpha 611 (RMA)

0 Tinning parameters: FPs DIPs
- Insertion rates (inch/second) 1.0 1.0
- Dwell times (seconds) 3.5 to 4.0 5.0
- Retraction rates (inchisecond) 0.2 1.0

Note: Above tinning parameters removes original lead finish and replaces
it with a fresh solder coating that has been proven excellent for both
high densty solderability and extended storage

5.2 Solderability Testing

Special solderability tests were conducted on each of the different test groups of

ICs used in this investigation. These included three different types of tusts
including MIL-STD-883, the new proposed DoD tests (but with "R" flux), and the

proposed DoD test but with 24 hour artificial steam aging. Three different series
of tests were conducted to compensate for both testing and inspection variables.

The results, (Table Vl) showed similar results with MIL-STD-883 with 1.0 hour !team r
aging and the new proposed DoD solderability standard test, but conducted with "R"
flux. The added 24 hour steam aging test showed an increase in solderability
rejection rates. Again, that may have implications as to questionable storage
parameters for some of these lead conditions. The greatest number of sclderabili-,'
rejects were, however, found on reflowed and burned-in products; almost rio rejects
were found with pretinned products.
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Table VI. Some Solderability Test Comparisons
1 11

Three different tests conducted:

1) MIL.STD883 2) DOD Special 3) DOD Special

*260 C *245*C 1 with 1RMA flux R flux 24 ,hour
90% coverage * 95% coverage steam aging,

1 hour steam no aging I
aging j _

* Total tests 27 26 27
* Specimensitest 3-4 3.4 3.4

• Percent rejects (test groups) 25.9% 26.9% 40.7%

Notes: 1) * Average of three repeated tests (different times) for each of nine
different test cells

. Substantial variations found with some tests believed due to
sample size and subjective nature of tests

5.3 Hardware Inspection and Results

All solder joints were inspected at 25X and 7X magnifications in the Materials

Laboratory using a single well-qualified laboratory specialist in order to maintain

repeatability for all inspections. Inspection requirements (Figure 5) were to

document both poor or negative wetting conditions and actual rejectable solder

joint conditions. The results (Tables VII and VIII) show extremely high rejectable

or questionable solder joint conditions on both reflowed and burned-in components.

These tests also show very noticeable component soldering improvements with

pretinning (solder dipping) as a final lead finish. Inspection at the normally

used 7X magnification would reduce the observed defects by about 50 percent.

A Flatpacks (FPs) 8 Dual-lnline Package (DIPs)

(surface soldering) (pin in hole)

End View

llet Min
Height

ww

Requirements: Requirements:
" Lead footprint length L 3x width * Joints bright. shiney
* Side fillet smooth continuous * 100% PTH fill
* Minimum fillet height is 50% , Positive wetting

of lead thickness

Figure 5. Solder Joint Requirements
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Table VII. Flatpack Lead Finish vs. Solder Defects(1 1  '

(Robotic Reflow Soldering( 2 1)
Tiler i lead Finish 7 Soldlrib-1hty T.Mt7 D1 i~lv14 I

[2 2!±J l ram eters Ra sult s Jo n s i+I

1 T plated Good to excellent 60
lead. only

2 Tin plated Excellant 2 9
and pretinned
,63137 SnPbi

3 Tin plated Poor S4 9
S )

and rellowed

4 Tin plated. Good I? 1
rellowed and

pretinned

5 Tin plated Good 12 3
and burnedin
(1451 C for 168

hrs.,

6 Tin plated. Good 38
retlowed
burnadlin

and preitrnned S
Notes: 1) Total test metlx included-1.000 solder loints

2) Robotic mount$r was set for standard product withM
no Corrections provided for difterent lead ftnishes

3) Three ditterent solderability tests conducted Is

4) Joints inspected at 25x magnification Is

5) Inadequate tin rflow %

Table VIII. DIP Lead Finish vs. Solder Defects S
(Wave Soldered)

CompnntLead 1 leablty2)
cF.s M.Shls W I Flat I cond']

I Tin plated leads only 14 7 021 F G

2 Tm platil and pretinned (3)37 SnPb? 0 30 0 G+E 5
3 Tin plated and retlowed IMIL M 38510) 3425 030 F

4 Tin plated rellowed and pretrnned 0 56 0 G xN

5 Tin plated and burned in 17 62 270 F

6 Tin plated. burned-in and pietinned 1 51 0 G %0

7 Tin pleated burned in and retlowled 33 2 0 Is F

e Tin plated burnled in. rillowld and
prenlned 2 43 0O 0 G

9 Tin plited, burned in Solder dipped
(by manufacturerl 0 85 0 G

10 Bare leads. burned in and solder
dipped 0 15 0 G

Notes: 1) Sol wave soldering parameters with no corrections
provided for different lead tinishes I - 25 000 joints I

2) Soldered Conditions.
* P W = 0 leads showing poor watting on component

side of MLB

* Rejected joints 11.1

* Overalt solder joint conditions

- E = Excellent G = Good. F Failr

These tests also show that even with the more aggressive wave soldering test that
hardware showing acceptable as-received solderab ' 'lity conditions (Groups 1 and 5)
still showed margiral soldering conditiors. Thicker MLBs would of course be more
sensitive to these effects (higher melting tin plate and burn-in effects). These

tests although limrite , also show excellent results with product which was solder
dipped by the IC manufacturer, (Tests 9 and 10). This includes product burned-in
with bare leads then cleaned and solder dipped
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6.0 SUMMATION ""

The extensive solderability and plating evaluations over the last two years show

that most solderability problems are created by:

" Improper and/or inconsistent lead cleaning and plating parameters even by
some of the largest component manufacturers.

" Component burn-in operations (135' to 200°C) which can be very %

detrimental to lead finishes.

" Excessive or improper storage environments by both manufacturer or users.

• Lead contamination issues (minor but important).

Others

- Inadequate or improper solderability testing (important but not
considered a major type defect).

- Conflicting and in some cases weak military and/or procurement ".specifications.

7.0 ADDED COMMENTS

The present industry practice of providing components with tin and/or tin-lead

platings as a final finish must be questioned if we are to be successful in--
reducing solder joint defects, especially on automated soldering lines. Our

pretinning experience, plus the evaluation discussed in this paper shows the o
detrimental effects of both component reflow and the various component burn- n
procedures and the advantages of providing components with a "properly" solder

dip d etrnimetloladfnihs

The serious loss of component solderability on tin reflowed hardware by both s

manufacturers supplying these test components is believed related to component lead'-'oxidation reactions during the specific flow operations. One manufacturer used

vapor phase as a reflow technique while the other used an oven to reflow the tin "..
plating. Both of these operations degraded the tin reflowed components to where.
they were not solderable, even to MIL-STD-883.

7.1 Special Reflow Experiment.e

IBM Owego reflowed the tin plate on the as-received "tin plated" parts (in Test 1, "'-
Table VII) in hot oil at 470OF for both 10 seconds and another group of specimens< <[
for 10 minutes without any loss in lead solderability including testing to the
proposed DoD solderability specification with "R" flux and including 24 hour

artificial steam aging. This test strongly suggests oxidation as being the primary
cause of the loss of solderabilty, not intermetalltc formations due to temperature
exposure ee

paapoie

dippedfinish
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B." RECOMMENDATIONS

We strongly urge both industry and the military to work together to create needed

changes in both lead finishes and specifications to resolve present solderabilitv

issues. Some suggestions are:

0 DoD must produce a single more critical military component solderability

specification that is technically correct and not a compromise on issues.

Tighter and more consistent plating, burn-in and processing control sire

needed for the manufacturing of military components over that of

commercial hardware.

* The present tin reflow requirements of MIL-M-38510 has created real
problems for both the component manufacturer and the users (believed

related primarily to reflow techniques). These issues should be reviewed

(task team) for possible improvements; some possibilities:

- We, the military users, would prefer a final-controlled solder

dipped leaa finish over either reflowed tin or a plated finish for

military product.

- If relief is provided for the present tin reflow requirements of
MIL-M-38510, it should only be done with implementation of

substantially more critical plating, processing and solderability

controls than now exist.

- Tight plating and solderability controls must apply to all DoD

specifications and components.
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VPS U ,&RS REFORT

VAPOR-PHASE SOLDERING--A USER'S REFORT

Vapor-Phase Soldering is a process whose time has
come-,. Right now, there are three area= where people in the

business of electronic assembly need help:

o Flex-Print Harness Soldering--usuallV done by
hand; high probability of delamination.

o Surface-Mount Components--no good method ior mass
soldering, rather than one-at-a-time.

o Special Confliurations--flat plates; inaccessible

Joints--no t.;ist. easy way to solder tnerm.

THE CONVENTIONAL METHODS ALL HAVE PROBLEMS:

o Focused Infrared is non-repeatable; it tends to
hurn the. board.

o The Hot Bar lechnique only works for flat-packs*
it does one at a time.

o Oven Soldering is slow and likely to form

intermetallics or oxidize parts, so they can't be soldered,
later.

o Laser Soldering does one at a time, and tends to

burn the board. Laser Soldering has promise in areas where
Vapor Phase won't work, however.

ADVANTAGES OF VAPOR-PHASE SOLDERING

1. It's a Mass F rocess. Whether you uue a batch or
flow-through machine, the whole board will be soldered at
one time, and the flow-through is high..

2. Frecisc control of temperature. The boiling
fluid determines the vapor temperature--you CAN'T overheat'

3. Fast, uniform heating--independent of part

geometry. Every part touched by the vapor is heated--and

heated at a uniform rate.

4. An ox.ygen-free atmosphere. As soon as a part
enters the fluorcarbon atmosphere, oxygen is e-.cluded--so .
there can be no oxidation' Flux-free solderina is possible.,.

5. It's a forgiving process. A fi:,ed temperature,
an o,,-y(ci-wn-tres, atmospherte--i '. not an easy proze';s to %crtw "
up...but it can be done!
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DISADVANTAGES

1. STARTUP COSTS:

(1) Initial cost of the machine--typically
$l.O0'0 to $60,0K0 or more. depending on the model.

(2) Fluorocarbon costs. FC-70 costs about $5') a
gallon--it will cost several thousand dollars to charge LIP a
large machine.

(3) Installation costs. Venting is required.
Special electrical wiring is required to handle an 18 or 36
KVA machine. Unless your machine has a buil't-in
water-cooling capability (an extra-cost option), you will
have to provide an e:,ternal ivstei..

Z. Ooerating Costs:

(1) Maintenance--iiltering. filter replacement.
occasionally draining and cleaning the machine. Not a large
expense.

(2) Fluorocarbon. At $500 a gallon. a large
machine can boil off a lot of dollars, if not well managed.
Expect high losses when you start a new operator. If it
doesn't taper off--you have the wrong operator.

3. Control Problems (the result of not being able to

see inside the machine):

(1) How fast should the elevator run?

(2) How long s5hLi l the part dwell at
temperature?

(3) Is the primary vapor up to temperature?

(4) Is the solder on my workpiece molten?

(5) Is something wrong?

The answers to these questions will come come with
experience.

*******NEWS FLASH'*******

YOUR'RE LIKELY TO FAIL ON YOUR FIRST ATTEMPT'

127- WE DID...

VAPOR PHASE SCLDEFdRIr( IS NOT MACIC--IT DOES'T CUFE
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PROBLEMS IN YOUR PROCESS.

More specifically, these are the problems that
caused myi failure:

(1) Several of our parts slipped out of position--if
parts are not s,?l f-f.i:tur ina, they must be f i;,tured.

10.

(2) We got de-wetting and poor- wetting--surfaces to
be joined must be highly solderable. Vapor-Phase soldering
does not make o :idized parts solderable. If you use old
oarts that have been knoc;:ing around in your desk drawer for
months, as we did--don't e:.pect good results!

(3) We had assemblies where the soldier' ran down the
trace. leaving the solder joint dry. The solderable area

,,- o lim. _,*J in iom wa, (solde- ,aE[-. +or c'xample).

(4,- We couldn't tell how lorn'j to leave the parts
inside the machine (VoLI can't see inside). An ex'perienced
c,perator can ques pretty close (our vendor -ep obviously
wasn't e',erienced): otherwise. you will have tv make Mass
v Time charts for any given machine, to be able to predict
.iwell tim"_ reasonably closely.

(5) Finally--and mst important: we got spatters,
solder balls and consistently poor wetting. Solder cream
used must be fresh, oxide-free, and inherently high
zuality--not an old jar that had been kicking around in the
desLk drawer for months. You can't get qod ioints with bad

CPE",lnJSLY., VAPOR PHA9E IS NO FAI CEA--YOU HAVE T .%
JON rUL. ',-. ~RUCt-CLH;S.

But. at the time...we didn't know what caused our
ar-, or wvrat to do ab-'L it. What we DID know, was that

educated quesses" wouldn't solve the problem.

WE AT AEROJET CHOSE .TO RUN AN R & D PROGRAM

THIS WAS THE PROBLEM TO BE SOLVED:
I

CRITICAL MICROWAVE ASSEMBLIES--both leadless chip components.
and 0lanar antennas--had to be assembled in a repeatable
manner at a high rate. Vapor Phase Soldering appeared to be
the most likely solution.

THE PROBLEM:

1. Leadless chips. Chips .050 to .120 on a side are .P-r
commonly used in Microwave assemblies. We had always '
installed them manually. But,-i+ we were to be able to use

o- trhe pi:1 and plate machines cominq on the mar,-et. we

HA' to convert to machine solderina.
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2. Location problems. Line length is critical in
Microwave. By usIno a COmpLuter-contrulled picl. and place
machine to place the parts. and a vapor-phase mechine to
solder them. we Could improve the repeatability of location.

Fillet size critical. The solder tillet on very
small parts becomes an integral part of the component.
Solder screening or plating and Vapor Fhase soldering could
achieve the desired consistency.

4. Effects of gold plating. Gold-plated parts or
boards will have gold-contaminated solder .oints. Vapor
Phase soldering has no wasning action. Therefore, it is
essential to know HOW MUCH gold a solder joi'nt can tolerate.
before embrittlement becomes a problem.

AN\TE4NNA OL1EF'IN4G: SPECIAL PR"OBLEMP:I,

1. Flat suriaces--our antenna is a flat Duroid
circuit board soldered to a cylindrical suDport ring. The
problem is to make a continuous solder joint with no voids
or flux entrapment.

2. Continuous solder joint--to achieve proper
performance at Microwave frequences, a continuous,
non-interrupted ground connection was required, all the way
around the antenna.

NO Flu!.- ent,-aoment--with two flat surfaces. flLu:
entrapment is difficult to avoid. Thanks to the o-:yqen--free
& tmo5pher e of Vapor Phase, we were able to E-older without

4. Toolin required--the antenna had to be properly
located. and kept flat during soldering. The result was a
tool weighing considerably more- than the antenna--about 5
OuLMIds. LDecause all the soldering was aroUnd the periphery.
it worked out very well. -

*******HERE'S WHAT WE NEEDED TO I<NOW* ****

1. Which sold3er cream t0orks best?

Z. What i. th.- optiamun dwell? I

7. What effect does gold have?

4. HLivj .j. we ,,void intermetallics? %

FIERE 3 HOW WE FOUND OUT:

' 1. ReasLurements. not opinions. We looked for a way
t 0 rcO k,:r.CO wd a.'1., O, , or insiJe_ t.hti =c)loe 0oint7. refier
t h Atr- Q U , n " Q .
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2. Visual inspection inadequate. 'You can't tell how
many gas bubbles. or voids or intermetallics you have i-. a
joint, unless you make a cross section.

Metallurgical analysis is reQuired--nobod, can
tell by looking what variation in alloys or what ".
intermetalliLs form inside a solder joint. S.E.M. (ScEanning
Electron Microscope) analysis is the answer.

SOLDER CREAM SELECTION

1. Solder spread test. A controlled amount of
solder was placed on clean copper (in oUr case. ccpe clad a

Duroid). After solder cream application. the Duroid was
lowered into the machine and allowed tc? dwell 2 minUtes.
The amount o+ spread waE_ a mea'sure o4 tne of;ectiver _i o,
the f]lu*:. This test also shows up splatters and s:, iae

bal l1.

2. Solder ball test. A controlled amount c, solder
cream was placed on bare alumina, which was then allowed to
dwell 2 minutes in the Vapor Phase machine. The evaluation
involved observation of spatters and solder balls; it is S I
basically an evaluation of the solder's ability to wet
itself.

Application techniques. Our initial tests were
run using hand application. It quickly became obvicus that
solder screening or plating was required for reoeatanility. I
We chose screen printing.

4. Final solde- cream s;lectiun. We tesLe d 7
vendors, and evaluated the following considerations:

(1) Solder spread test
(2) Solder ball test
(3) Price
(4) Availability.

(5) SLIpport

With the above considerations in mind, we selected Multicore

SN62 Vapor Phase Solder Cream.

PLATING CONDIDERATIONS.

1. Antenna Support F:Ring was brass. We had a problem
with the zinc migrating through the platinq and
contafipnating the solder joints. I

2. A barrier material-was needed--the common one= \.' *,

are: nickel and copper. We chose copper because of its
excellent compatibility witr, br-ss. After trving several
plating thicl nesses. ,-e scttled on .'k0('5 copper.
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Is solder fusing necessary? In general. fusing
improves solderability. But in soldering our antenna to the
support ring, Fusing caused the solder to agglomerate.
resLltinQ in irreQLclar thickness. We settled on a Dlating
thickn:ess of .,* unfused.

DWELL TIME STUDY

1. Samples at intervals from 2 to 10 minutes were
taken. The purpose of this study was to find out what TIME
as a variable does to the solder ioint. It is a matter of
common knowledge that the number of intermetallics formed is
directly proportional to time at temperature. We wanted to
find out what the limits are.

2. Bare copper substrate--GO circuit board material
was .sed +or this test. All estS we-e run bv solder~nQ
leadless .=nios to the substrat. u.incMl lUiticore SNQo SLlder
cream.

Gold-plated sUbstrates--Glu, was :)lated with 50
millionths of gold, in order to evaluate the effect of 9old
in the solder .oint.

RESULTS--WHAT WE LEARNED:

1. Dwell must be kept short. In fact. minimum dwell
is mandatory. Intermetallics are already evident at 2
minutes. With longer dwell times, the alloy tends to
dissociate, resulting in a bad appearance and microcracl s.

2. Intermetallic formation is indeed proportisnal to
dwell time. bv the end of It') minutes. we had intermetallic
cryFJ-k.Is that e tenr,,ed frni, one end .+ the. fillet to the
other, seriously reducing the fle ;ibility of the ioint.

. Such intermetallics are responsible for +ailures under
therma. shock or thermal cycling.

:.. Rapid cooling of the solder joint is preferred.
in order to minimize intermetallic formation.

EQUIPMENT MODIFICATION MAY BE REQUIRED

Elevator controls on machines as delivered norreallv
do not have the fle;xibility to achieve the idea] protile:

1. A prompt withdrawal from the primary vapors,
probably within 1 minute for small circuit boards without
f ix:tures.

2. A relatively long dwell in the secondary vapors
to allow cool--down.

OTHER CONCL..U' I uNS I
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DESIGNING ASSEMBLIES FOR VAFOR PHASE:

1. Fart Geometry: Vapor Phase is forclivina, but no
area intended tc, be s.:.Idered may be masked irom the vapors.

Substrate Material: Any substrate material that
can strid the vapors can be used. If leadless chips or chip
carriers are to be installed, a good match of coefficient of
expansion is required to avoid stress failure of the solder
oints.

P. Fad size and shape: Because surface-mounted parts
tend to "skate" on liquid solder, it is important that pads
be consistent in size, so that the parts wil'l "seli-center.

' loads only" aesiqn is preferred. Fo solder doesn't run
no-r, tne tr-,ce. lec-v.no t-c :om :,cnent dr\.

.4. Comorent size and ' h,.D : A.-, i t:he case for
pad5. :onsEistent contact areais are required for
sel i--.enter ing.

5. Solderability: Most critical' A good. solderable
material or surface -finish must be specified. In many
cases, a barrier material (nickel or copper) must be added
over the base material to avoid contamination bleed-through.
or e;cesive intermetallic formation.

6. Plating or surface finish. The prime
consi.deration is a hiqh doqree of sclderabilitv. In
generl, fused tin or fued -in-lead worled the oest for us.

7. Solder Alloy arnd T-l-lu. ihere is a world of
.4 'r r;:.:c..>p , , mr-,,, ,:ur crs as to how flu;, or solder

crean, will perform. Run your own tests. SN62 is Usually
preferred for soldering to leadless chips, because the
,silver c:ontent reduces silver scavenging from
silver-palladium metalization.

TOOLING CONS.IDERATI ONS

1. Size and weight of tools must oe considered when
'Jetermrning dwell time. because the tools are heated along
w.ith the part. The total must be within the capacity of the
machine. Not to mention that the total must not e,,ceed the
capacity of the elevator--otherwise, you will have to fish
it out o+ the tank.. .like we did!

2. Tension and force. There must be enough tension
on the assembled parts to ensure follow-up as the solder
melts. Otherwise, you will get two separate parts with a
nice reflowed surface--but no assembly! ,

-M-1-I ing. entrapment. Vapor Fhase heats bv
a apcrs, r ight Theretore, if orts are masked by tooling,
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they won't heat. On the other hand. if the tool or part
entraps fluorcarbon, it will be draqoed out of the machine.
At s5QC. a gallon. this can be e:xpensive.

4. Base material. The tool must be a good thermal
conductor, capable of repeated excUrsions into a 419 degree
environment. withCut distortion.

5. SurfacE finish. THE TOOL MUST NOT BE SOLDERAELE!
In addition, it must be able to withstand the assault of the
small amount of hydrochloric and hydrofluoric acid that
+orms in the primary vapor. Keep in mind that the parts to
be soldered come out quicklY. but the tools receive repeated
doses.

PROCESS COJNTFOLS

1. ME.-3URE )ND TE",IF -o make sure You q et what YOU
speci fv. Solder alloy and trace contmrinants. oletir-.i
mate -ial l at1ng thickness-- hec<: at receivingq Check:
EVERY batch Yu' ll be surpr i sed ho- o+ ten mater-i al s are
out of specification.

2. Soldereability. How do you check: for it? You can
get a feel by observation. If You want an objective
measurement that permits me-.suring and comparing batch to
batch. I recommend a solderability tester, such as the
Hollis Meniscograph or Multicore Wetting Balance. Make sure
you get a set-up including a printer or plotter-. so you aet
:, per3nent record.

Shelf life. Suo6trates. components. solder
cream--all tend to on:idi:-- oiith time. Sc.der cren, sr-uld
;i r'r. i " : ,, be r ei'r . ,t. _tc d ,,.t chlCl t t, buopli ,r 's
recommendations. Don't accept solder cream without a date
stamp. Chip components with palladium-silver metalization %
had better be stored in ,. n1trogen dr,/-bo:. Finallye
enforce a FIFO inventory system on all solderable materials.

4. DOCUMENT Y{1JF' PROCESS. Eveni the be2st oper.-tc.-
11 sometimes f or-qel:. And even the best may leave--or qet

-rcemLtud--or- oet pregnanL. Good, clear documentation

stipliFies the training problem.

*******I .SUMMARY*******

* * .*,,

1. VAFOR PHASE IS A FAST, SAFE, REFEATABLE PROCESS. S

a' ;., ". Lt- E I , 3 . CLEiN , Fr.k( 'I Y1 NG F-PC ,.' ,.
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THE PROCESS MUST BE DEVELOPED AND DOCUMENTED.

4. SURFACES TO BE SOLDERED MUST BE HIGHLY SOLDERABLE.

VAPOR FHASE IS THE ONLY REASONABLE ANSWER FOR SURFACE
MOUNT COMPONENTS.

TRY IT! YOULL LIKE IT'

2- " A/,A T2kAI

2- I 1 Ag A/ 0 r- /T'Or J 6 EA1CA,1

1..

.

~.

' I-
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AUTOMATIC LASER/INSPECT
CRITERIA STUDY

INTRODUCTION

The primary objective of the Laser/Inspect Study Program was

to demonstrate the feasibility of Printed Wiring Board

Solder Joint Inspection by use of a Quantitative Laser

Heating and IR scanning technique. The program's secondary

objective included the development of a procedure to

establish a WS6536D compatible thermal acceptance criteria

for individual solder joints and validation of that

procedure. Miscellaneous program objective included

establishing programming expertise, creating a data link

between the Digital Equipment LSI-11 computer in the

inspection system and the mainframe system for data

reduction, storage, and manipulation. The program culminated

with a factory demonstration of the inspection procedure and

techniques as applied to testing of PWB's during the actual

manufacturing process.
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SYSTEM METHODOLOGY

The Laser/Inspect is an automatic solder joint inspection

system. This system uses laser energy for detecting

defective solder joints. A defective joint is one that is

either electrically nonfunctional or whose life expectancy

could be reduced because of a defective condition within the

mechanical strength characteristics of the joint. Typical

visual solder defects include dewets, surface voids, bridges,

cold solder, residual flux, solder impurities, and poor lead

contact on surface mounted components.

Defective solder joints using the Automatic Laser/Inspect

System are found by analyzing the thermal signature of each

joint. The thermal signature consists of a series of

measurements taken by the infrared detector which shows the

solder joint's ability to absorb and dissipate the Laser

Applied Energy in a determined period of time. Once a PWB

solder joint has been inspected and the signature analyzed

by the computer a printout of defects only or results of all

solder joints may be obtained as needed on the system

printer. This printout of defects only provides objective

evidence of Hardware Acceptability or information necessary

for rework.

161
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Inspection of a circuit board takes place by placing a PWB

onto its specially designed test fixture which is placed on

the X-Y Table of the Laser/Inspect. The PWB part number

must be entered into the system computer which has been

preprogrammed to select the X-Y Coordinates of the plated

through holes on that PWB. The system computer will then

control the movement of the X-Y Table under the injection

head. Once a solder joint is positioned under the injection

head the IR Detector makes the current temperature of that

solder joint the baseline (zero) starting point. Once this

starting point has been established. The shutter opens for

30 milliseconds allowing the laser to apply thermal energy

to an individual solder joint. While the joint is heating,

the IR detector monitors the rise in temperature. If the

temperature rises too rapidly toward the saturation point

(3900 units) the shutter closes to prevent damage to the

board and/or joint. After the heating time is complete the

shutter closes and the IR detector takes the first series of

measurements. Four readings are taken simultaneously and

averaged to obtain the peak thermal temperature. Three cool

down temperatures are obtained in the same manner, once every

five milliseconds, taking 45 milliseconds per joint for

inspection. These temperature readings make-up what is

is referred to as the thermal signature for an individual

solder joint. A typical inspection sequence for an

individual solder joint is shown in figure 1.
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The detection system transmits the analog signals to the

computer and creates a database for each individual solder

joint. Once the database has been created analyzation of the

peak thermal temperature may be performed by using the

"Profile Calculation" made in the system computer.

The method of calculation can be chosen from three

areas; blanket, median, and statistical. Choosing the blanket 7

method the Accept/Reject threshold and tolerance can be chosen

on an overall level. In the median method the median of all

values for a specific solder joint is calculated and used as

the Accept/Reject threshold. The Accept/Reject threshold and

tolerance in the statistical method are obtained from the

mean and standard deviation of the specified data file. Once

the calculations have been made they are included in the main

file on the Winchester disk. It is from this file that

comparisons are made to find defective solder joints.

There are three possible categories for a solder joint's

thermal reading - defective, acceptable, and burn

prevention. Roth the defective and the acceptable conditions

are deternined by comparing their peak thermal temperature to

what is expected for that joint plus a tolerance limit.

Acceptable solder joints fall within the prescribed limit

unlike defective joints. Defects such as bridges will have

peak thermal temperatures that fall below normal whereas

voids, cold solder, non-wetting, and foreign substances will

cause the peak thermal temperature to be above normal. The
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third condition, burn prevention, occurs when the solder

joint heats too rapidly toward the detector's saturation

point (3900 units). When this occurs the shutter is disabled

so that additional thermal energy cannot be applied. This

condition is caused by gross solder defects and foreign

substances such as flux residue that tend to "burn" off the

surface.

-164
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TEST ';I;rUEIICE

The prinary objective of the test sequence is to validate a

technique of Laser Inspection that will apply to any

individual solder joint on "HARM" Printed Wiring Boards in

the [anufacturing Environment of WS6536D. There are two steps

to the implementation plan of this test sequence:

1. Develop a production procedure.

2. Validate that production procedure.

The Laser/Inspection Production Procedure was developed by

obtaining and analyzing a statisically significant quantity

of Printed Wiring Boards (PWB's) of the same part number.

The procedure also included laser scanning each solder joint

on each PWB, obtaining peak thermal temperatures, and0

performing "Profile Calculation . "Profile Calculation" is a

software prograr used to statistically determine the

accept-reject thermal limits for individual solder joints.

Once these operations have been performed the Laser/Inspect

System is ready to evaluate PVWB's of the same part.

Vali(ation of the Production Procedure was accomplished by

1. Identifying "HARMl" PWB's that would represent every

possible component within the missile and every typical

P M configuration (five uniq]ue part numbers. See figure

2).
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2. Following the Production Procedure (obtain quantity of

PWB's, Laser Scan, and perform Profile Calculation).

3. Quality Control Inspection of the PWB's for conformance to

WS6536D/HARM Requirements.

4. Correlating all QC noted and Laser System noted defects,

and grouping as follows:

QC Accept - Laser Reject

QC Accept - Laser Accept

QC Reject - Laser Accept

QC Reject - Laser Reject

I.

5. Microsectioning two PWB's of each of the five production

part numbers (Laser Test Boards) to correlate QC p

results, laser readings and actual condition of the

solder joints.

6. Fine tuning the "Profile Calculation" statistical package

as necessary to correlate thermal readings and solder

joint visual characteristics/integrity.

7. Implementing Laser Inspection Procedure for Production

PWB's.
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Five unique part number Printed Wiring Boards were utilized

for the study sequence. Two from the control section -

control carrier and wing control and three from the guidance

section - discriminator, threshold, and intensity. These

boards represented the typical component and board

configurations within the missile.

Prior to any of the testing done for the criteria study, a

test for the repeatability of the system was performed. One

PWB was scanned by the Laser/Inspect five times then a

comparison was made. The comparison printout (figure 3)

lists each component and the readings for each time the PWB

was scanned. A mean and standard deviation is calculated

for each pin of the component. By looking at the standard

deviations shown on the printout, the data, hence the system,

is proven to be repeatable. . I

The selected boards were flow soldered and cleaned of all

foreign material by the aqueous cleaner. Figure 4

demonstrates how critical cleanliness is to the effectiveness

of the Laser System. Boards were scanned by the Laser System

and a profile calculation for each part number performed. An

"error only" list was printed for each PWB scanned. Quality

control inspectors then inspected the PVb's for conformance

to the required Solder Specification WS6536D/HARM. All

visually nonconforming solder joints were documented on the

Assemblv Work Order Troublesheets. Photo copies of

individual troublesheets were taken for each part number

scanned and this data was compared to the Laser/Inspect

System error list for each board. % .
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HARM LASER/INSPECT REPEATABILITY

DATE: 10/17/93 COiPOI ENT R127 PIN COUNT 2 VANZETTI SYSTEMS LASER/INSPECT ISTER PROFILE* 1614D1
PIN#: 1 2

5028 31 31
5028A 31 34
50293 34 35
5028( 34
50290 31 37

STIDE 2 2
AVERAGE: 34

DATE: 10/17/83 COMPONENT R128 PIN COUNT a 2 VNZETTI SYSTEMS LASER/INSPECT MASTER PROFILE: 1614D1
PIN#: 1 2

5028 35 34
5028A 42 34
50293 37 34
5029r. 39 31
50289 37 35
STu/EV 2 1
AvowA : 38 33

A

DATE: 10/17/83 COMPONENT Cl PIN COUNT 2 VANZETTI SYS1TS LASEINSPECT MASTER PROFILE: 1614D1
PIN#: 1 2

5028 94 32
5028A 94 30
50289 9 40 4%

502K 89 38
5026D 103 29

STD/DEY: 5 4 W;

AERAGE 95 33

DATE: 10/17/93 COMPONENT C2 PIN COUT 2 VNZETTI SYSTEMS LASER/INSPECT MASTER PROFILE: 1614D1
PIN#: 1 2

5029 102 42
5028A 106 40
50293 113 46
502K 113 51
50289 110 44
ST/IEV : 4 4
AYEc: 106 45

DATE: 10/17/93 COWUWNT V7 PIN COUNT 2 VAIZETTI SYSTOM LASER/INSPECT MASTER PROFILE: 161401

PIN9: 1 2
5029 77 76
5028A 90 73
50281 60 78
502K 80 72
50290 91 73
STD/DEO : 1 2
AVERASE : 79 74 F 3

FIGURE 3
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After being inspected by Quality Control the Production PWB's

continued on to the next operation. The two PWB's per part

number that were designated to go through destructive testing

stopped after first look QC. A review of the error list and

Quality Control visual rejects supplied the information

necessary to select ten solder joints per board to be

microsectioned from the four chosen categories.

Microsectioning of the solder joints was performed by the

Process Engineering Lab. The technician first photographed

the component and etch side of the solder joint

while the PWB was still intact. Each solder joint to be

sectioned was cut out of the Printed Wiring Board and mounted

in clear polyester compound. Reference designators and pin

counts were etched into the side of the sectioning compound.

At this point the technician was ready to start the S

microsectioning of the solder joint. Sectioning started at

the outside of the barrel inward to the lead in increments of

approximately .005". If a defect (e.g. void, non-adherence

of the solder to the barrel wall or lead, foreign material,

etc.) was identified at any increment under 1OX magnification

a photograph was taken to preserve the observation and then

the incremental sectioning was continued. When the

sectioning had progressed to the point where 1/2 of the

plated through hole was sectioned a photo was taken to show

evidence of the solder condition around the lead (e.g. Good

continuous wetting, etc.). Sectioning would proceed through

the lead toward the remaining barrel wall. If a defect was

identified under 1OX magnification a photo was taken. The

technician used intervals of 1/3, 1/2, and 3/4 for sectioning

of the solder joints and the documentation of physical

characteristics found within that joint.
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PROCFSS CONTROLS

For tighter Process Controls of Lead Configuration Bent

Leads are the solution. Bent Component Leads remove the

large variation caused by heating the lead instead of the

solder volume. With this variation eliminated the thresholds

and tolerances tighten, thereby significantly decreasing the

possibility of rejecting an acceptable solder joint. An

experiment was performed on a Printed Wiring Board that had

straight through lead components. The board was scanned in

its original Lead Configuration then six components (Q2-Q4,

U23, 033, and U13) were modified to simulate the auto

inserted (bent) leads and rescanned. Results of this

e experiment are shown in figure 5. The Straight through Lead

Component's (5031-18) peak thermal reading had a range of

2080 and the Bent Lead Components (Auto-IC) had a range of

77.
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METAL CASE COMPONENTS
STRAIGHT-THROUGH LEADS VS

BENT LEADS (SIMULATED AUTO INSERT)

DATE: 10114/83 COMPONENT 02 PIN COUNT *3 VANZETTI SYSTEMS LASER/INSPECT MASTER PROFILE: 196601 0
PIN#: 1 2 3

5031-18 340 335 351 STRAIGHT-TI4RU
AUTO-IC 53 52 41 BENT LEAD

DATE: 10/14/83 COMPONENT 03 PIN COUNT -3 VANZETTI SYSTEMS LASER/INSPECT MASTER PROFILE: 196601 0
PIN#: 1 2 3

5031-18 197 147 46 STRAIGHT-THRU
AUT04IC 43 39 43 BENT LEAD

DATE: 10/14/63 COMPONENT 04 PIN COUNT -3 VANZETTI SYSTEMS LASER/INSPECT MASTER PROFILE: 196601 0
PIN#: 1 2 3

5031-18 191799 8 STRAIGt4T-THRU
AUTO-IC 32 45 39 BENT LEAD

*REDUCTION OF DEFECTS BY 4 WITH BENT LEADS.

DUAL IN-LINE
STRAIGHT-THROUGH LEADS VS

BENT LEADS (SIMULATED AUTO INSERT)

DATE: 1WI1/3 COMPONENT U23 PIN COUNT a 1f VANZETTI SYSTEMS LASER/INSPECT MASTER PROFILL: 196801 U
PIN 0: 1 2 3 4 s e 7 Il 9 10 11 12 13 14 15 16

5031-18 103 435 380 128 196 217 144 152 206 732 26 8361 1681142 6801704 8TRAIGHT-TNRU
AUTO0IC 6 2 3  TY1 0 7  N 4 3 5 4945 4 s 4 791 5122E BETTEAD

DATE: 10/14/5 COMPONENT U33 PIN COUNT a 14 VANZETTI SYSTEMS LASERIINSPECT MASTER PROFILE: 196801 U
PIN#: 1 2 3 4 5 6 7 6 9 10 11 12 13 14

5031-18 73 554 333 328 742 369 $41206136811295 654 4651076 502 STRAIOHT-THRU
AUTO-IC 63 So51 6139 6393 39 4562404 4 0 SEND LEAD

DATE: 10/14/53 COMPONENT U13 PIN COUNT a 14 VANZETTI SYSTEMS LASER/INSPECT MASTER PROFILE: 196601U
PIN#: 1 2 3 45676510911 12 314

5031-14 70 542 374 373 307 238 54 111 621 302 100 307 "09 163 STRAIGHT-THRU
AUT04IC 30 35 " 6740 53 " 42 " 42 "49 3 BENT~LEAD

SREDUCTION OF DEFECTS BY 32 WITH AUTO INSERTION. *

0- METAL CASE COMPONENTS

FIGURE 5
188



....- ~ .: ': - . - o-s ' -~

RECOMMENDATIONS

To fully utilize the Laser/Inspect System it is necessary to

maintain stringent Process Control such as lead configuration,

cleanliness of the Printed Wiring Boards and method of

component installation. Presently the Laser/ Inspect has

demonstrate3 it performs 100% Fail Safe Inspection which has

been verified by the microsections of the production laser

test boards. The rejection of an acceptable solder joint

does sometimes occur but can be eliminated by Process

Controls.
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INTrRODUCTION,

Amid advancing soldering technclogy and the proliferation of automated techniques, hand I

soldering remains a mainstay in a number of electronics applications.I Hand soldering with an-

iron, and pretreatment of components by pot tinning are very much in evidence in a research ,
and development facility like the Naval Weapons Center, where many and varied one-of-a- ,
kind electronic component prototypes are produced.-'

Soldering,, more specifically hand soldering and pot tinning used in electronics
applications, has not traditionally been considered a high lead hazard operation or occupation.%
Eminent toxicologist Elkins characterized the overall lead hazard in soldering operations as
"minor.' 2- .3 As late as 1977, in a comprehensive monograph on lead, the World Health

Organization (WHO) did not include soldering per se in its listing of lead hazardous..
i nd ustri es/ operations. 4 Automobile radiator repair, which does involve a heavy form of 0
soldering, was rated as highly hazardous. The Lead Industries Association (LIA) asserts in a
soldering safety manual5 that there is relatively little general hazard, or hazard from lead
fume, in soldering operations because of the low temperatures involved (650-900°F). The
manual cites extensive air sampling data confirming lead levels below the current Occupational
Safety and Health Administration (OSHA) action level of 0.0a mg/m 3 (30 A g/m3). However,
the potential hazard of lead ingestion was alluded to briefly in a statement regarding the
importance of "good personal hygiene habits'" and the prohibition of smoking, eating, and
drinking in lead exposure areas. In assessing the lead hazard associated with the use of low
melting point lead alloys (200-600'F) to construct radiotherapy shielding, no significant lead
fume was detected. Handling procedures to minimize ingestion were recommended. 6  -

The National Institute of Occupational Safety and Health NIOSH) does list "solderer" as
an occupation in which lead exposure may occur. the type of soldering and nature of the%
potential exposure are not qualified. 7 ,8 Yet in four separate health hazard evaluations of
industrial hand soldering and pot tinning environments from 1974 to 1980, almost all airborne
lead samples were below detection limits, blood-lead indices were well within normal range,
and it was determined that no health hazard from lead appeared to exist. 9- 12 One of the studies%

does suggest a potential lead ingestion hazard in a recommendation regarding close attention to 1
worker hygiene, including prohibition of eating or smoking in the workplace. 9

In 1978, OSHA promulgated a stringent revision of the Occupational Exposure to Lead
Standard that governs over 120 operations involving the use of lead and includes hand
soldering.13. 14 In the contracted technical feasibility study 15 for the Standard, however,

"electronics*' was categorized as an industry in which lead exposures were almost exclusively
below the then proposed 0.1 mg/m 3 (100 Agim 3) permissible exposure limit. Lead exposures
were luther described as very low. ,%"

192-
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Western Electric Company, in a biological study to support the exclusion of hand
soldering operators from the OSHA Lead Standard. 16 maintains that solderers' airborne lead
exposures have been demonstrated to be "extremely low." Forty long-term hand solderers %ere
found to have blood-lead indices comparable to a control group of office workers with no
known exposure to lead. In justifying the biological monitoring methodology of the stud'.
environmental air measurements are dismissed as limited because lead exposure may also occur
by means of skin absorption or ingestion.

Burgess 17 describes potential health hazards to soldering operators as "'minimal," stating
that flux may represent the most significant potential hazard. Temperatures routinely used are
considered too low to generate significant fumes, although handling of dross dust may be a
source of exposure to lead. Most interestingly, Burgess admits that his position should be
reconsidered in light of the present 0.50 mg/m 3 (50 Ag/m 3) OSHA permissible exposure limit for
lead. %

Elaborating on Burgess' theme, the 1978 OSHA revised Lead Standard represents a
substantial conservative eqolution in scientific thought and increasing regulation in regard to
the hazards of lead. The Standard revises the permissible exposure limit to lead in air
downward threefold from 0.15 mgtm 3 (150 ug/m 3) to 0.05 mg/m 3 (50 Agim 3) and mandates
biological monitoring of lead workers and strict control of workplace exposures. Much of the
research upon which the standard is based demonstrates subtle or subclinical toxic effects of
lead in workers at relatively low levels previously considered to be "safe." 1 4 Although actual
exposures to lead may not have increased and may actually be decreasing due to improved
awareness and technology,3 7' 8 increasing knowledge of the toxicology of lead dictates a
continuing reassessment of the hazard it presents. The potential hazard associated with even
low-level exposures to lead may indeed have implications for solderers.

The toxic effects of inorganic lead in man have been known since ancient times and
numerous toxicological investigations span over 150 years.1 Lead is a cumulative poison whose
effects on the hematological, neurological, and renal systems are well documented. Classic
signs of frank poisoning in adults such as intestinal colic, anemia, brain dysfunction.
convulsions, upper extremity weakness, wrist drop, and kidney failure are rarely seen in the
United States today. 3,7, 8 Of more relevance to this investigation is a discussion of newer
findings of more controversial subclinical effects of lead at low levels of exposure.18-23

Subclinical effects of lead are physiologic changes undetectable except by increasingly
sophisticated biological monitoring techniques. They appear much earlier than the signs and
symptoms of overt disease. Many medical researchers feel that these changes are "critical
effects." the precursors of disease, early manifestations on a continuum. Exposures that induce
subclinical critical effects must be reduced to prevent occupational illness. Others, often
industry representatives, argue that the clinical significance of these early changes is dubious.
there is not enough evidence to demonstrate that these changes represent or lead to a material
impairment of health. 14.26

To place subclinical toxicological findings in perspective, an attempt must be made to
characterize "low" levels of exposure. The measurement of lead exposure and human response
to exposure are, in themselves, a complex and controversial issue beyond the scope of this
discussion. The advantages, disadvantages, and predictive relationships between biological
monitoring indices and environmental sampling data have been weighed extensively.1 4.' 2" It is
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noteworthy that OSHA, in Solomon fashion, has required both environmental and biological
monitoring in the Lead Standard, The toxic effects of lead exposure are generally discussed in
the context of blood lead levels, although this is only a measure of recent or continuous
exposure. Blood lead may be misleading because of the cumulative nature of this poison and
the variability of human response to it. 16,22.27,28 Other biological indices, such as red blood cell
protoporphyrins measured as zinc protoporphyrin (ZPP), may be more accurate and useful in
assessing levels of toxicity because they estimate total body burden and response to exposure. A
recent estimate of mean blood lead level in adults in the United States is 13 to 14 ug/dl
(deciliter). 29 Traditionally, lead-related disease was not thought to occur at blood levels below
80 usg/dl. 14,18 '30 The Lead Standard requires that blood lead levels be kept below 50 Ag/dl.
WHO recommends an upper limit of 40 ,sg/dl for adult workers. 31 Substantial recent research
demonstrates overt clinical and subclinical toxic effects at blood levels as low as 40 to 60
Mg/dl. 18-5,32.33.

It has long been known that lead has an effect on the blood-forming system at re!atively
low levels; this information is the basis for laboratory diagnosis of lead absorption and
poisoning. In the absence of the anemia of frank poisoning, these findings are thought by some
to be reversible subclinical effects of unknown significance. Others argue that these alterations -

reflect the "'general toxicity of lead in the entire body." 14 Of perhaps more dramatic concern .

are reports of potentially nonreversible subclinical changes in the human nervous system and %
human reproduction.

There are an increasing number of disturbing reports describing nervous system changes in
asymptomatic workers at "safe" levels of exposure as low as 50 Ag/dl. Decreased nerve
conduction velocities have been shown to be an early indicator of lead-induced neurological
damage. 18.20 Subsequent research strongly suggests that changes in neurobehavioral patterns in
asymptomatic lead workers may be an even more sensitive indicator of toxicity at low levels of
exposure. Deficits in visual reaction time and auditory function have been reported in workers
with a mean blood lead of 46 Ag/dl. 20 Visual intelligence and visual motor tasks were found to
be significantly affected in a group whose blood lead levels were 32 ± 11 kg/dl and had never 0
exceeded 70 Ag/dl. 2 1 Based on findings of decreased psychological performance test scores at
low levels of lead absorption indicated by low ZPP. it has been concluded that even non-
occupationally exposed groups, with environmental exposures to lead in air, food, and water,
may be at risk for central nervous system dysfunction.2 A very recent work in progress
describes deteriorating neurobehavioral function in verbal concept formation, visual/motor
performance. memory, and mood with increasing lead intake in workers with blood-lead levels •
as low as 40 to 60 ,ig/dl. The report concludes that central nervous system abnormalities occur
well before peripheral nervous system disruption at lower blood levels (<60 jg/ dl) and shorter
periods of exposure (<6 months). 25

Lead exposures at low or safe levels are also being reassessed in regard to effects on
reproduction and the unborn. OSHA concluded that lead severely affects the reproductive p
capability of males and females; all workers planning pregnancies should keep their blood-lead
levels below 30 ug/dl. Blood-lead levels apparently as low as 30 to 40 ug/dl may result in
decreased fertility in men. 19 Fetal exposure is the critical Lsue in assessing occupational lead
exposures in women because lead readily crosses the placental barrier, and lead in the
umbilical cord blood correlates well with that in the blood of the moher. Given the Center for
Disease Control lead poisoning limit of 30 itg/dl for children, this same limit should apply to
women who are or are likely to become pregnant. Since the blood/brain barrier in the

0
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newborn is relatively immature, and central nervous system Srowth is very dramatic during
fetal life, there is at least as much, if not more, concern for the fetus as the chUU ! This
Lupper limit for women of 30 ug/dl is also recommended by the WHO. 31.

The question of a health hazard from lead in hand soldering and pot tinning environments
appear to be moot. The literature suggests that there is little, if any, exposure to airborne lead

* because of the low temperatures involved. 1 .5 ,6 ,3 .37 The possibility of lead ingestion is briefly
mentioned,1 .5 6 .9

.
16 ,37 but the potential hazard has neither been explored nor quantified. One

factor contributing to this dearth of attention may be methodological difficulties. More likely is
the notion that the necessity to avoid ingestion is axiomatic: the means are obvious and easy.

In the production soldering envionment, the rationale for good hygiene may be accepted
by employees without quantitative justification. The prohibition of eating, drinking, smoking,
and cosmetics applications and the use of gloves and handwashing are compatible with quality
control: therefore, thev are further reinforced. Hygiene regulations may be relatively easy to
enforce despite lapses caused by subtle, inadvertent human habits. "Clean" areas for eating,
drinking, and smoking are generally designated and accepted.

In the less regimented and structured milieu of a research and development facility, or
even of the h(-, ie hobbyist, soldering and pot tinning are performed in many types of settings.
These areas may be used for other functions throughout the workday and may be the
employee's only workspace. In these circumstances, hygiene regulations may seem unduly
restrictive and problematic. A rationale supported by data may be very desirable.

In light of research suggesting significant toxicity, especially neurological and
reproductive, at low lead levels previously considered to be safe, it was felt that a study to
explore a potentiai lead ingestion health hazard in soldering environments was needed. Study
objectives were twofold:

1. To confirm the absence of airborne lead in soldering and pot tinning environments at
ievels significant to constitute an inhalation hazard or source of surface contamination.

-2. To determine the presence or absence of removable lead contamination on accessible
surfaces in amounts significant to constitute an opportunity for a lead ingestion hazard.

EXPERIMENTAL DESIGN

A*SAMPLE SELECTION

Rough estimates suggest that there are 500 to 600 separate electronics-type soldering and
tinning environments, i.e.. work areas for one operator, scattered throughout most operations
at the Naval Weapons Center. Areas and operators were selected on the basis of interest.
cooperation, and availability and were felt to represent a range of overall typical activities. A
majority of the samples were collected at soldering class laboratory sessions held at the Center
on an onzoin basis. The soldering laboratory is a somewhat idealized setting in which hygiene
and quality control measures are strictly observed. It was felt that potential environmental

v ".[19.
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contamination itself, however, would still be of interest and not differ significantly from less
ideal settings. All soldering operations employed a temperature-controlled hand soldering iron
(e.g., Thermo-Trac, Weller) set at approximately 700'F. Eutectic solder (63% tin, 37% lead)
was used with mildly activated rosin (RMA) flux.

Wipe samples for the control group were taken from working surfaces in the general
vicinity of the soldering area, i.e., the same large room or building, when it was determined
that soldering had not and was not being performed on or near that surface. Several control
samples were taken from work surfaces in various rooms of a building where soldering was
never performed.

"p

Air samples were collected during actual soldering operations. Wipe samples were taken at
times when soldering may or may not have been in progress. No attempt was made to correlate
air and wipe sampling. Each surface wipe sample characterizes a separate soldering
environment. The air samples separately measure 13 of these environments.

AIR SAMPLING -'

All air samples were collected on 37 mm 0.8 ;m millipore AA mixed cellulose ester
membrane filters connected to a Bendix BDX 44 Super Sampler pump (Figure 1). The sampling
pump was set for an airflow of 2.0 liters per minute and was calibrated before and after
sampling to assure volume. All sample cassettes but one were positioned approximately 6 to 16
inches above the soldering work. It was felt that source zone samples would be less intrusive
than samples placed on the operator. In addition, source zone samples should represent the •
"worst condition" because of their proximity to the fume generation point and their continuous
exposure, even when the operator temporarily left the area. The one exception is a personal
sample, collected at operator request with the sampling cassette attached to the operator's
collar (Table 1).

FIGURE 1. Air Sampling Train. Cassette 6 to 16
inches above soldering work (A). Pump unit (B).
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TABLE I. Air Sampling Results.

Sample Pb g m 3  
Sample Pb sgm 3

no. no.

1 none detected 8 none detected
2 none detected 9 none detected
3 none detected 10 none detected
4 none detected 11 none detected

.2 none detected 12 2, g
6 none detected 13 2Ag"
7 none detected

*Personal sample.
-Pot tinning sample

Sampling time ranged from 120 to 147 minutes and sample volur.'e ranged from 216 to300 liters. Potential lead fume generation was not expected to be and was not constant during
the period sampled since the soldering performed was transient and very sporadic. Although
this is not inconsistent with the nature of hand soldering in electronics applications, it might be
expected that more actual soldering might have occurred during the sampling period in a
production environment. Whether or not potential constant or average fume levels could
increase is debatable, but unlikely, because of the temperatures involved. The time period
sampled represented the minimum required by the analytical method and included or exceeded
the solderer's actual soldering exposure for that day. Residual fume in the air after soldering
had ceased might be expected to be included in a number of samples. In those cases where the
operator's soldering activity for the day exceeded the period sampled. it was not expected that
potential exposure during the unsampled periods would differ significantly. The tinning pot
sampled is an exception, in that any fume generation would be expected to be relatively
constant.

Mechanical ventilation was not employed in any soldering or pot tinning environment
sampled. Natural ventilation often included airflow from air conditioning systems and was felt
to be good.

All samples were analyzed by atomic absorption spectrophotometry with a limit of
detection of 1 ug.

WIPE SAMPLING

Sampling for surface contamination was performed using essentially the OSHA wipe
sampling technique. 38 It consists of wiping a 100-cm 2 surface with a 7-cm Whatman 42 filter
paper moistened with water. Care was taken to minimize artifactual lead contamination and
sampling error by using hospital supply sterile distilled water. The background lead in the
filter paper as specified by the manufacturer was 0.2 ug/g, an amount considered to be
insignificant for the study purpose. The sampler wore a fresh disposable vinyl glove for each
sample. Standardization of the size of the surface area wiped was attempted using a vinyl
template. cleaned prior to each use (Figure 2).

F
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area outlined by vinyl template .'.

Wipe samples for the experimental group were taken from an area of the work table or

bench directly accessible to the solderer. Types of surfaces included bare wood. Formica,
Masonite. and soft vinyl mats. Control group wipes came from desk or table surfaces of '-

'woodgrain" vinyl, Formica. or painted metal.

Samples were also taken from solderers' hands. Only in the classroom were vinyl .

disposable gloves worn and samples were taken from the gloved hand in these instances. Bare S.

skin or gloved, samples were obtained by wiping the lateral and palmar surfaces of each finger
from palm to tips and the palm itself. Each sample includes both the right and left hand, and
the sampler attempted to perform the wiping in the same fashion for eac.h sample.

Field blanks were submitted with each sample batch. All samples were analyzed by atomic
absorption spetrophotometry with a limit of detection of I Ag.

There is little guidance or precedence for the assessment of surface lead contamination by
wipe sampling or any other methodology. Attempts to use wipe sampling in the assessment of
the health hazard presented by beryllium surface contamination and resuspension3 9 and
radiation surface contamination 40 resulted in the conclusion that the method is strictly
qtualitative. i.e.. may determine the presence or absence of contamination. OSHA policrN

tends to support this conclusion by stating that wipe sampling is used to document the presence
of a hazardous substance and may not support a citation, but is rather complementary to all
other available evidence about a hazard and requires case-by-case professional judgement. In I'

addition, there are no published OSItA standards or guidelines by which to evaluate results.

Wipe sampling has been used "semiquantitativelv" to evaluate household lead surface dust
as a source of lead exposure in children.40 ,41 In the absence of standards, the findings were

treated somewhat quantitatively by comparing them with findings in control samples and '5..

"before and after" samples and arbitrarily labeling the samples as "high" and "low." Both of N

these studies, as well as this investigation, test hypotheses with a common element-that a NO
significant quantity of removable lead surface contamination is present to provide an
opportunity for a lead ingestion hazard. The "opportunity" hypothesis doe% not require the

%
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testing precision necessary to prove actual ingestion of specific amounts of lead to correlate lead
exposure with absorption and effect, or to compare results with standards. Therefore. for the
purposes of this study, wipe sampling was selected as a useful. semiquantitative, exploratory
technique.

In using wipe sampling to assess a possible lead ingestion health hazard, some speculation
about the nature of removable lead surface contamination is warranted. Since it has been
theorized that temperatures used in hand soldering are too low to generate significant lead
fume, it follows that the major vehicle for lead surface contamination is likely to be direct
physical transfer from solder and dross to various surfaces. The contamination is likely to
consist of lead oxides and oxycarbonates readily removed during contact with solderl.3 7 , 2 . 43

and dust from dross. 17 Lead in these forms, if ingested in sufficient quantity, could be expected
to produce toxic effects. 1.37.44.45

RESULTS AND DISCUSSION

In 11 of 13 air samples (Table 1) collected during separate soldering operations. lead fume
was undetectable. Fume levels in the remaining two samples were considered to be
insignificant against an OSHA permissible exposure limit of 50 Ag/m 3 . The data substantially.
support the first study objective, to confirm that lead fume is not generated during soldeing
operations in amounts significant to constitute an inhalation hazard or source of surface
contamination.

Given the expected range of sample values and the estimated population. the number of
experimental and control surface wipe samples (Table 2) were considered to be adequate. The
experimental soldering surface results were pooled and divided into 10-sg incremental bands.
The control results vere treated similarly (Figure 3). It can be seen that all of the soldering
wipe results are under 100 jug and 80% are under 51 Mg. All of the control values are less than
11 g.

TABLE 2. Wipe Sampling Results.

Soldering surfaces Control Soldererss hands

Sample Pb ,g/ 100 cm2 Sample Pb g 100 cm n.i Pb 4g, 100 cm2 Sample Pb Ag 100 cm2

1 0 11 13 1 none detected 1 3
2 1 12 14 2 none detected 2 3
3 2 13 17 3 none detected 3 3
4 3 14 27 4 1 4 "
5 4 15 45 5 1 5

6 3 16 47 6 1 6 14
7 7 17 70 7 " 15
S S 1 70 S 3 S 13
9 9 19 SO 9 3 9 16

10 13 20 92 10 3 i0 20
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There is a statistically significant difference between the experimental and control _,roups
when the presence or absence of detectable lead is constructed as a binomial experiment. The
null hypothesis that there is no difference between the lead surface contamination in soldertnL!
and nonsoidering environments can be rejected.

Wipe sample data from solderers' hands (Table 21 were not included in data analysis. The
data are presented to highlight the lead ingestion opportunity presented by contamination on
surfaces particularly accessible to the mouth.

The data do indicate measurable removable lead surface contamination in support of the
second study objective of demonstrating opportunity for ingestion. In evaluating "opportunity,"
a number of unknowns and potentially confounding variables are encountered. The nature and
quantity of the solderers' actual contact with contaminated surfaces and subsequent
combinations of object hand-to-mouth activity were not assessed. This activity could be highly
variable and unpredictable among individuals. In addition, the equivalency of wipe sampling
in picking up lead contamination to real-world hand-object-mouth interfaces is unknown.
Quantitation is further obscured in a number of ways. Intermediate objects capable of
conveying lead (e.g., fool, pen) could not be assessed. Surfaces and hands are treated as
separate contributions. It was not possible to differentiate additive versus substitutive
contributions to overall intake carried to the mouth. That is, the possibility exists that some
surface contamination, by virtue of being removed from a surface, could become less available
for ingestion and should be subtracted from overall potential intake possibilities

In order to deal with this morass of variables, the assumption is made that all lead found
in any single wipe sample was conceivably ingested. This assumption is felt to be a conservative
overestimate appropriate to evaluating a health hazard. J.

Even if the amount of ingestible lead could be accurately known, assessing the data in
regard to a health hazard is still very problematic. Although models 14.46 have been proposed.
there is still no consensus regarding a predictive relationship between exposure to lead in air or
by ingestion, and blood-lead levels. In addition, as previously discussed, blood-lead levels are
controversial as an index of exposure versus actual toxic effect or response to exposure.

WHO47 addressed a number of these variables in establishing a provisional maximal or
tolerable overall weekly lead intake for an adult. It is believed that this concept of total lead
intake provides the most useful and valid framework for interpretation of study findings in
regard to a potential health hazard. The WHO recommended ceiling of 3 mg (3000 Mg) per
week takes into account the cumulative nature of lead poisoning. It presupposes that lead
inhaled from the atmosphere will reduce the amount tolerable in food and water. Although in
non-industrially exposed populations, lead in air contributes a much less significant fraction to
the total than does food and water (200 to 300 g/day). In highly urbanized polluted areas.
intake of lead by inhalation may contribute as much as 100 Mg/day.

It can be seen from simple calculations (Table 3), that after the "normal" weekly intake
from air, food, and water is totaled, there exists a leeway of 200 to 900 ug. Thus, 200 to 900 Lg
of lead per week could be contributed from soldering before tolerable values were exceeded. r

Assuming that *he solderer ingests a full wipe sample value (Table 2) on each of 5 days per
week, it can be shown that acceptable intake levels could be marginally exceeded. Using a
mathematical model, 46 ingestion of 20 to 30 jg of lead per day (mean wipe sample 0
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TA.BLE 3. Calculation of Maximum
Acceptable Lead Intake AccordinR to

WHO Recommended Limit.

Total intake (Osg)
Source of Pb contribution

Daily Wel

Food and water . 200-300 1400-2100

Communitv air 100 700

300-400 2100-2800

WHO recommended limit
(5-day work week) 440-480 3000

Allowable contributions
from all other sources
including soldering
(5-day work week) ............ 40-180 200-900

p.o
value-Table 2) added to "normal" daily intake of 200 to 400 jug, could result in a blood lead
level of 23 to 45 ug/dl. As previously stated, subclinical toxic effects of lead have been
demonstrated at blood lead levels as low as 40 to 60 Ag/dl, and 30 ug/dl is the recommended
limit for men and women of childbearing age. It should be emphasized that these calculations
assume no other industrial lead exposures. They do not account for the presumably significant
amount of lead that could be ingested during the practice, observed during the study, of
holding solder wire in the mouth, using the mouth as a "third hand." The totals do not include
the not uncommon off work lead exposures such as hobby soldering, spray painting, shot
pouring, use of lead pigments in painting and ceramics, indoor target practice, etc. In the
Naval Weapons Center rural desert environment, the figures -probably overstate lead intake
from community air pollution.

Given a magnitude in micrograms and relatively narrow tolerances, this delicate balance
between lead absorption and poisoning could easily be upset by any exposures other than the
"usual" in food, water, and air. It should also be noted that the WHO recommendation was
made prior to most of the research on subclinical toxicity of lead at low levels of exposure and
could be conceivably reduced even further in the future.

CONCLUSIONS

1. No significant inhalation hazard from lead fume exists in soldering and pot tinning
environments. In addition, lead fume is not a significant source of surface contamination. The
practical implications are that mechanical exhaust ventilation and physical isolation of
soldering areas are not essential to prevent a lead hazard. (Irritating and/or toxic
decomposition products of flux may require ventilation, however.) Lead contamination may be
spread to adjacent areas by accumulation of dross dust and/or solderers' contaminated hands. 4,"
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2. A low-order lead ingestion hazard exists in nonproduction soldering environments. This
hazard may easily be substantially increased by such common practices as placing solder wire
in the mouth, using the mouth as a "third hand.'" The hazard may also be increased by lead
exposures outside of soldering, which may not be uncommon.

3. Reasonable hygiene measures in areas where soldering is performed are justified.
Handwashing prior to eating, drinking, smoking, and cosmetics applications should be the
cornerstone. Other worthwhile measures include the avoidance of food or cigarette placement
on bare working surfaces, and routine wet cleanup of working surfaces after soldering.
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ABSTRACT

"Soldering Systems for Surface Mounting"

Donald J. Spigarelli

The soldering technique to be used for surface mounting may be
non-subjectively determined by understanding the specific type of
surface mounting to be performed.

This paper will review a proposed specification of surface
mounting; Type I - Total surface mounting, Type II - Mixed Technology,
Type III - Underside attachment.

Mass soldering technology applicable to each surface mounting
type will be discussed. Further, potential new developments in
single systems for Type II soldering will be discussed.
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INCREASING SOLDER iOINT RELIABILITY OF
LEADED SURFACE ,UNTED COMPONENTS

BY

JAMES H. uIERKE
GOVERNMENT SYSTEMS MANUFACTURING

CONTROL DATA CORPORATION

MINNEAPOLIS, MINNESOTA

-S

INTRZ- CTION

The increased demand for high density packaging has created an equal emphasis
for increased solder joint reliability. Repairing a single solder joint is
not a big problem, but in a system with 40,000 solder joints, solder joint
reliazility becomes a critical issue.

This article briefly discusses the steps taken by Control Data's Government
Systems Manufacturing Division to increase their Solder Joint reliability of
ieaceo surface mounted components used in the building of the AN/AYK-14 (V)
airborne computer

4-"

FIGURE I
HIGH DENSITY AN/AYK-14 MODULE

2
- - - - --- -- -- --



BACKGROUND- Cracked Solder Joints

When we began initial production of the AN/AYK-14 (V) computer we encoun:erec
an unacceptable rate of cracked or broken solder joints on the intecratec
circuits (ICs). Like most manufacturing problems, our nign rate of .racez
solder joints was due to a number of factors and required a series of
step-by-step solutions, some wnich are still being implemented. Part of tne

problem was caused by the design itself. With the need to get the most
functions in the least amount of space, all printed wiring boards (P;,Bs) Nere

designed for maximum density. Since the AN/AYK-14 (V) is a military com~iter,
high reliability is a requirement and the computer has to withstanc extensive
temperature (-550C to +125 0C), vibration, and environmental testing.

As part of the environmental testing, all assembled PWBs are subjected :c a
high temperature burn-in, with power-on, before going to electrical test. 0

This is a common practice to "weed-out" any weak components. We didn't find S

many bad components, but did detect cracked and broken IC solder joints. The
cracked solder joints would electrically test good, only to fail during
vibration or thermal cycling later on.

Normally it's a fairly simple matter to resolder a cracked or broken solder

joint, but these are high density PWBs, with 3000 to 5000 solder joint

connections per PWB, with eight PWBs per computer system; or about 40,000
solder joints per system. As might be expected, the initial
mean-time-between-failures was very low!

THE "'PROBLEM"

CRACKED SOLDER JOINT

FIGURE 2
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PROSLE4M INDENTIFTCATION

A complete study of the problem was mane to cetermine where the cracked solder

4oints were firs: appearing in the prcoduction cycle and what could be Gone to

improve the Solder Joint strength ano therecy increase reliability.

The study showec that nearly 95 percent of the cracked solder joints appeared

on IC leads, with only a small amount occurring on discrete components and
connectors. The cracked solder joints first appeared after machine reflow
soldering and increased in number as additional testing, such as high

temperature burn-in, vibration, and temperature cycling, was performed. Once
the cracked solder joints hac been resoloereo, oy hand, no additional cracking

normally occureo. It was also discovered that the first prototype systems,
which had been hand soldered, had no problem with cracked solder joints.

Thus, our problem appeared to be caused during the mechanical reflow soldering
process. How could this be? We were using the same machines to solder other

types of PWBs, with no problem. What was different about these PWBs?

A CLOSER LOOK

An in-depth study showed that the AN/AYK-14 (V) system was very different from

previous systems. Due to the high density packaging requirements of the
AN/AYK-14 (V), the ICs were being formed with smaller feet, different tooling,
and smaller pad design. Also, this system had to meet larger temperature and
vibration ranges.

We focussed our attention on the basic IC joint design and on determining the

factors that could affect the solder joint strength. Since the components are
surface mounted, all forces are transmitted directly to the solder joint

itself. Looking at the cracked solder joint, it was concluoed that failures
were occurring between the component lead and solder joint. This was a very

important conclusion since it showed that the problem was with the solder
joint and not the PWB.

CAUSES OF SOLDER JOINT FAILURES

The forces that a solder joint must withstand can be broken down into two

broad categories: mechanical and thermal. Vibration testing falls into the
mechanical category and burn-in into the thermal category. From the type of

failures we were seeing, we knew that both types of forces were causing

problems and that the solder joint had to be strong enough to sustain both.

Generally, with systems that run at high temperature, the thermal forces are

greater than the mechanical forces.

Since the problem with cracked solder joints only occurred with the machine

soldered PWBs, and the pad, lead, and PWB material designs were correct and

met Mil-Spec requirements, it was assumed that the cause of the problem was
associated with the manufacturing process.

4
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FIRST THINGS FIRST

The failed joints were carefully studied to determine if some cause of tr.e

failure could be detected visually. In many cases it was founc that the sea:
was not placed on the pad correctly and that some part of the lead was
actually off the pad. This condition weakens the joint strength because tnere
is less contact area. This was a workmanship and tooling problem. With our
old tooling the IC's were placed on the forming die by hanO and visually
aligned by the operator. If the IC's were not aligned parallel with tne
forming die they were formed skewed which meant that some leads were too long
and wouldn't completely fit on the pad. The operators were instructed to make
sure that the leads were parallel to the die before forming, but this was very
difficult to control. New tooling was needed.

CLEAN, CLEAN, CLEAN

In soldering surface mounted components the only mechanical strength is the
solder joint itself. To make a good solder connection, the components being
soldered must be cleaned of all oxides and have good solderability. To ensure

ood solderability, all IC leads are solder-tinned before assembly. Our PWBs
ave .00075 to .001 inch tin-lead platin. which has been fused for better

solderability. Even though our PWBs a washed in distilled water after
coming from storage and then vapor degreased just before assembly, we still
had a solderability problem.

4- Further visual inspection of the failed solder joints showed poor solder
wetting, caused by excess oxides. This problem was corrected by using a more
active flux. Type RA is the strongest flux allowed by Mil-Spec and use of N
this flux requires that you test the PWBs after cleaning, to be sure that all
of the flux has been removed.

Switching to this more active flux reduced our cracked solder joint problem by
about 25 percent. This was a good start, but we had a long way to go.

DI
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CR tO D SOLDER JO!PTS -EFORE BURN-IN

As we cot ceeper into the cracKed soicer joint prctlem a strange phenomenon
,3s observec. t.'any of our solder joints were cracking while they were sittinc

on tie- snelf waiting to go into burn-in. The only temperature the PwB
assemlies hac ceen exposeo to was room temperature! We hao to be coing
something to the IC leas during our soldering operation that was placing a

hich mechanical stress on the solder joints--a stress that was great enough to
crack, and even break,the joints. .

Our mechanical relfow soldering process consisted of two U-shaped bars that
came down onto the IC leads and forced them into contact with the PWB. The
bars were energized until the solder was melted and reflowed. The bars were

then de-eneroized and, with the bars still holding the IC leads in contact
with tne PWBVtne soloer joint was cooled.

,1Mr,

!"0.

FIGURE 3

MECHANICAL REFLOW SOLDER MACHINE
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, Examination of the formed IC leads showed that the foot on the .006 inch tnicK
IC lead was not being formed parallel to the soldering surface, but actua iy
had a "toe down" conOition.

TOE DOWN
A

FIGURE 4
IC LEADS FORMED IN TOE-DOWN POSITION

Calculations showed that with a "toe down" condition of .003 inch or more, a
force great enough to fracture the Solder Joint was created during the
soldering operation. During the soldering operation the heater bars forced
the IC leads flush to the PWB. If the leads were not properly formed, the
effect of the resulting pressure was similar to trying to solder a compressed
spring. This condition does not exist with hand soldering, where the IC lead
is not forceably held in place during cooling. -

0. '

This residual mechanical stress problem and the skew problem discussed earlier
were both corrected with new IC forming tooling. Things were beginning to
look better, the number of cracked Solder Joints had been reduced by 50
percent. The IC's were being placed on the pad properly, without skew, and
the solder joints weren't cracking at room temperature. But we were still
cracking solder joints during burn-in.

HIGH TEMPERATURE BURN-IN

Burn-in is used to remove weak components before testing. During the burn-in
process, which is run at 230°F for 40 hours, the modules undergo higher
thermal stresses than in normal operating.conditions. These stresses are hkgh
enough to cause cracked solder joints.

7, V 7



HIGH, TPER TURE BURN-IN CONT. ,..

It isn't really clear exactly what happens when solder goes through tnermal

cycling (see "Development of Highly Reliaole Soldered Joints for Printed
Circuit Boards," Westinghouse Defense and Space Center Aucust 1968) but if you
have cracked Solder Joints after burn-in you can be sure that the thermal %
stresses were greater than the strength of the solder joint and you either
have to reduce your burn-in temperature or increase your solder joint strength. A

JONT DESIGN FOR THERMAL STRENGTH a

The actual forces generated by thermal expansion can be calculated. Our

calculations snowed that, with an IC lead width of .017" we must hive an IC
foot length of at least .046" to compensate for the thermal force. The
oesign was fixec at .035" and would have been very costly to change. We had
to change the effective foot length without changing the actual length.
Tnerefore, we increased the amount of solder in the joint area and modified
our criterion for "excess solder" to a criterion termed "preferred solder".
Of course, the amount was necessarily controlled such that the "excess" did
not result in bridges and shorts.

INCREASING FOOT LENGTH

w2 W ..,

FIGURE 5
HOW TO INCREASE FOOT LENGTH
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R ES UT S

Careful attention to the forming operation, strict control of material
solaerability and increased solder in the joint area comoined to solve t e
cracking problem. Over 40,000 solder joints were inspected before and afte:
burn-in, vibration, and thermal cycling, without one cracked solder joint. At
the present time we make 800,000 solder joints per month and average less than
one solder joint failure. That's high reliability soldering!

Caauain are shown at the end of this paper.slt
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CONCLUSION

In conclusion, let's briefly review the requirements and recommendations for
eliminating solder joint cracking of surface mounted components.

1. Identify the problem - what components and where in the manufacturing
process.

2. Eliminate misformed components due to workmanship, handling or poor
tooling.

3. For gooo solderability, clean and pre-tin surfaces of components to be
soldered

4. Check high temperature - make certain that all manufacturing processes,
Oaking, coating anO etc., do not exceed design limits for the solder
joint.

5. Make one change at a time - then check your result. many processes are
interrelated and making a change to one process may effect several
others.

6. Establish written history of what corrective actions were taken and the
results - don't try to remember - write it down!

7. Carefully control workmanship - a lead only half soldered onto a pad --
won't be reliable.

8. Don't solder-in mechanical stress - be sure that leads are formed so
that they can be soldered into position without having to be forced
during soldering.

9. Design for thermal strength - make sure that the component leads and

PWB pads are designed for the thermal stresses found in manufacturing
processes, even if the product isn't operated in a high temperatures
environment.

i0. Carefully control your manufacturing process - make sure that the
process is being rigidly followed.

10



FORCES GENERATED BY THERMO EXPANSION

nr = inear coeff cient of thermal expansion for 63/37 solcer =
13.7 x 10- in./in./GF

0k = Linear coefficient of tnermal expansion for Kova: IC leacs
5.33 x 10-6 in./in./OF

&T = Change in temperature of solder joint between burn-in and room
temperatures (0F)&T = TB - TR

#.

E = MoOulis of elasticity of solder 31 x 106 lb/in 2

TR = Temperature of room - 70°F

T8 = Temperature of burn-in -,230°F

S = < - & <)T in./in. Solder strain

T = TB - TR

=230 -70

160oF

S= (SS - K)AT

= (13.7 - 5.33) 10-6 x 160

= (8.37 x 10-6) 160

= 1339.2 x 10-6 in./in.

CS =WS x E-Stress in Solder Joint

= 1339.2 x 10-6 in./in. x 31 x 106 16/in
2

= 41,515 lb/in2

'
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This load, or force, must be spread cvertne cross sectional area of

the foint. Using an IC leao tnickness "z" of .006" ano a 1%ac Y'ictn
"W" of .017", the thermal force is:

F =Cx A
.05

-Cx t x W

= 41,515 lb/in2 x .006 in. x .017 in.

- 4.23 lb (thermal force)

The termal force is a shear loading of the solder joint and is carried

by the soldered area; therefore, to find the required lead length to suppcrt
tne force:

Al--

F = 4.23 lb (thermal force) 0

A = W x L (shear area)

W = .017 in. (IC width)

L = IC Foot Length (inches)

: 5400 lb/in2 (shear strength of 63/37 solder)

A= F/ - %. '

: 4.23 lb/5400 lh,'S.n2  0

.000784 in
2

L = A/w

= .000784/.017

: .046 in. foot length

0
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